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EXECUTIVE SUMMARY

The U.S. Department of Health and Human Services (DHHS) is addressing public
health concerns regarding a fibrous amphibole that occurs in vermiculite ore in the
Libby, Montana, area. Scientists agree that exposure to this mineral increased the risk
of nonmalignant respiratory and pleural disorders, lung cancer, and mesothelioma in
groups of people who worked in the now closed Libby vermiculite mine and mill. These
health problems are similar to those experienced by workers exposed to other types of
asbestos before modern workplace air regulations were established. The Agency for
Toxic Substances and Disease Registry (ATSDR) has prepared this chemical-
specific health consultation to provide support for public health decisions regarding
individuals exposed to fibrous amphibole from Libby vermiculite or other related
asbestos-containing materials. Key technical terms used in discussing asbestos-
related health problems are defined after the Introduction.

Physical and Chemical Properties, Occurrence, and Detection: Tremolite
Asbestos
Asbestos is the name of a group of highly fibrous minerals with separable, long, and
thin fibers. Separated asbestos fibers are strong enough and flexible enough to be
spun and woven, are heat resistant, and are chemically inert. Minerals with these
asbestos characteristics are said to have an asbestiform habit.

Regulatory agencies such as the U.S. Environmental Protection Agency (EPA) and
Occupational Safety and Health Administration (OSHA) recognize six asbestos
minerals: chrysotile, a serpentine mineral; and five amphibole minerals, actinolite
asbestos, tremolite asbestos, anthophyllite asbestos, crocidolite asbestos, and amosite
asbestos. Nonasbestiform amphibole minerals are not included in U.S. health
regulations regarding asbestos because there is insufficient evidence that they will
produce adverse health effects of the same type and severity produced by chronic
exposure to asbestos.

Samples of the fibrous amphibole in the Libby vermiculite ore, popularly referred to as
tremolite asbestos, were recently analyzed by U.S. Geological Survey scientists. On
the basis of variable chemical composition, several different mineral names were
assigned to the samples, winchite, richterite, tremolite, actinolite, ferro-edenite, and
magnesio-arfvedsonite. All of these are classified as amphibole minerals. Most of the
samples showed both asbestiform and nonasbestiform habits. Since it is known that
this mix of fibrous amphibole increased the risk of typical asbestos-related diseases in
groups of people who worked in the Libby, Montana, mine and mill, proposals have
been made to consider changing U.S. asbestos regulations to include other
asbestiform amphiboles in addition to the five mentioned previously.

Nonasbestiform tremolite is the predominant form of tremolite in the earth's crust, but
there are many reports of tremolite asbestos occurring around the world in specific
locations (including some locations in Maryland and California) and natural materials.
Tremolite asbestos has only rarely been found in commercially mined deposits. It has
never been a nationally important commercial source of asbestos in the United States.
Two minerals of commercial importance that have been reported to contain tremolite
asbestos or other amphibole asbestos are vermiculite and talc.

Before 1990, the now closed mine in Libby, Montana, was a significant source of
vermiculite in the United States. In 1998, vermiculite was mined in the United States
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predominantly in South Carolina and Virginia and was also imported from South Africa
and China. A 1984 study reported that the percentage of tremolite asbestos fiber by
weight varied from 3.5% to 6.4% in raw vermiculite ore from Libby, Montana. In
contrast, several studies of vermiculite mined elsewhere (South Carolina, Virginia, and
South Africa) reported that levels of amphibole asbestos were either not detectable or
only present at much lower levels than those found in the Libby vermiculite.

Talc ores can also contain a range of other minerals. In the United States, commercial
talc is categorized into cosmetic grade, which is free of asbestos, and industrial grade,
which may contain other asbestiform or nonasbestiform minerals, depending on
intended use. For example, one important U.S. source of industrial-grade talc is a
mixture referred to as tremolitic talc. Analysis by OSHA scientists shows that the
tremolite in this talc is nonasbestiform.

The combined use of light microscopy, electron microscopy, and energy dispersive X-
ray analysis offer the most accurate approach to identify asbestos and estimate
concentrations in air samples or bulk samples that may become airborne upon
disturbance. For the purposes of counting asbestos fibers in these samples, regulatory
agencies commonly count as fibers those particles of asbestos minerals that have
lengths 2:5 urn and length:width ratios £3:1. For other purposes, such as detecting
fibers in bulk building materials, asbestos particles with length:width ratios 25:1 are
counted. Typical air concentrations of asbestos fibers in ambient air are 0.00001 to
0.0001 fibers per milliliter (fiber/ml). Recent exposure limits for U.S. workplaces are
0.1 to 0.2 fiber/ml.

Exposure Potential: Tremolite Asbestos

Occupational exposure to tremolite asbestos may occur in workers involved in mining,
milling, and handling of other ores and rocks that may contain tremolite asbestos (e.g.,
vermiculite or talc). Residents who live close to mining, milling, or manufacturing sites
that involve tremolite asbestos-containing material may be potentially exposed to
higher levels of airborne asbestos than levels in general ambient air. EPA, ATSDR,
and other agencies currently are investigating past and current exposure to fibrous
amphibole found in Libby, Montana, vermiculite. In addition, ATSDR is currently
conducting medical testing of individuals who lived close to or worked in the Libby
vermiculite mine and mill.

Asbestos can be found in a variety of building materials such as insulation, ceiling or
floor tiles, and cement pipes. Amphibole asbestos has been found in some vermiculite
sources that have been used as home and building insulation. Workers or
homeowners involved in demolition work, maintenance, repair, or remodeling of
buildings containing these products can be exposed to higher airborne fibrous
amphibole levels than levels in general ambient air. Exposure can occur only when
building materials containing asbestos are disturbed in some way to release particles
and fibers into the air. When asbestos-containing materials are solidly embedded or
contained, exposure will be minimal.

Recently, small amounts of amphibole asbestos have been found in some samples of
vermiculite-containing consumer garden products by EPA and in some talc-containing
crayons by the U.S. Consumer Product Safety Commission (CPSC). EPA
recommended that consumers can reduce possible exposure by limiting the production
of dusts when using the garden products. CPSC concluded that the risk is extremely
low that children might be exposed to asbestos fibers through inhalation or ingestion of
crayons containing asbestos and transitional fibers. The U.S. manufacturers of these
crayons, however, have agreed to eliminate talc from their products in the near future.

Health Effects from Asbestos or Tremolite Asbestos

It is known that exposure to any asbestos type (i.e., serpentine or amphibole) will
increase the likelihood of lung cancer, mesothelioma (a tumor of the pleura or
peritoneum that is rare in the general population), and nonmalignant lung and pleural
disorders including interstitial pulmonary fibrosis (asbestosis), pleural plaques, pleural
thickening, and pleural effusions. This conclusion is based on observations of these
diseases in groups of workers with cumulative exposures ranging from about 5 to
1,200 fiber-year/mL. Such exposures would result from 40 years of occupational
exposure to air concentrations of 0.125 to 30 fiber/mL. The conclusion is supported by
results from animal and mechanistic studies.

Based on an analysis of the epidemiologic data, EPA calculated that lifetime
continuous exposure to asbestos air concentrations of 0.0001 fiber/mL could result in
up to 2-4 cancer deaths (lung cancer or mesothelioma) per 100,000 people. This air
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concentration is within reported ranges of ambient air levels (0.00001 to 0.0001
fiber/ml). The EPA analysis has been extensively discussed and reviewed in the
scientific literature. EPA is in the process of reviewing and possibly updating their
cancer risk estimates for asbestos.

Important determinants of asbestos toxicity include exposure concentration, duration,
and frequency, and fiber dimensions and durability. Long and thin fibers are expected
to reach the lower airways and alveolar regions of the lung, to be retained in the lung
longer, and to be more toxic than short and wide fibers or particles. Wide particles are
expected to be deposited in the upper respiratory tract and not to reach the lung and
pleura, the sites of asbestos-induced toxicity. Short, thin fibers, however, may also play
a role in asbestos pathogenesis. Fibers of amphibole asbestos such as tremolite
asbestos, actinolite asbestos, and crocidolite asbestos are retained longer in the lower
respiratory tract than chrysotile fibers of similar dimension.

Diseases from asbestos exposure take a long time to develop. Most cases of lung
cancer or asbestosis in asbestos workers occur 15 or more years after initial exposure
to asbestos. Asbestos-exposed tobacco smokers have greater than additive risks for
lung cancer than do asbestos-exposed nonsmokers (i.e., the risk is greater than the
individual risks from asbestos and smoking added together). The time between
diagnosis of mesothelioma and the time of initial occupational exposure to asbestos
commonly has been 30 years or more. Cases of mesotheliomas have been reported
after household exposure of family members of asbestos workers and in individuals
without occupational exposure who live close to asbestos mines.

As with other forms of asbestos, chronic exposure to airborne tremolite asbestos is
expected to increase risks of lung cancer, mesothelioma, and nonmalignant lung and
pleural disorders. Evidence in humans comes from epidemiologic studies of tremolite
asbestos-exposed groups of vermiculite miners and millers from Libby, Montana. This
evidence is supported by reports of increased incidences of nonmalignant respiratory
diseases, lung cancer, and mesothelioma in villages in various regions of the world
that have traditionally used tremolite-asbestos whitewashes in homes or have high
surface deposits of tremolite asbestos and by results from animal studies.

Clinical Diagnosis for Asbestos-Related Diseases

The chest X-ray is the most common and important tool to detect lung and pleural
disease caused by chronic exposure to tremolite asbestos or other types of asbestos.
Results from pulmonary function tests and high resolution computerized tomography
can also be used in the diagnosis.

Biopsy to detect asbestos fibers in pieces of lung tissue, although not needed to make
a clinical diagnosis, is the most reliable test to determine asbestos exposure. Less
invasive tests can be conducted to detect asbestos fibers or asbestos bodies in
bronchoalveolar lavage fluid or in sputum. These tests, however, do not reliably
indicate how much asbestos a person may have been exposed to, or predict whether
disease will develop.

Treatment Options for Asbestos-Related Diseases

Treatment options for patients diagnosed with nonmalignant lung or pleural disease
from chronic exposure to asbestos are few. Preventing of further exposure and
ceasing any tobacco smoking activities are the most important steps individuals can
take to minimize development of health problems. Once established, these diseases
may remain stable or progress in severity in the absence of further exposure. The
diseases rarely regress. Treatment options for patients diagnosed with asbestos-
related cancer of the lung or pleura are restricted to resection and/or chemotherapy.

Pleural effusions are early manifestations of inhalation exposure to high concentrations
of asbestos; the fluid contains varying amounts of red blood cells, macrophages,
lymphocytes, and mesothelial cells. Pleural effusions may be an early indication of
mesothelioma and warrant further evaluation. Early identification of mesothelioma and
intervention may increase chances of survival.

Additional research may help to develop therapeutic methods to interfere with the
development of asbestos-induced lung and pleural disorders and to cause the
disorders to regress once they are established.

Recommendations
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Prevention of exposure and cessation of any tobacco smoking activities are the most
important steps that individuals can take to prevent or minimize the development of
asbestos-related health problems.

People who were exposed to asbestos and who smoke are expected to be unusually
susceptible to asbestos-related lung cancer and asbestosis and are encouraged to
cease smoking. Studies of asbestos workers indicate that asbestos-exposed smokers
have greater than additive risks for lung cancer and asbestosis than asbestos-exposed
nonsmokers.

Individuals residing or working in buildings with insulation or other building materials
that may potentially contain asbestiform minerals (for example, vermiculite from the
Libby, Montana, mine) are encouraged to ensure that the insulation material is solidly
contained and not able to be disturbed and become airborne. If the material is to be
removed, special procedures must be followed that minimize the generation of dust
and specify appropriate locations for disposal. Individuals can obtain information about
asbestos removal and disposal procedures from the 10 regional offices of the EPA.

Further evaluation of the progression of disease associated with exposure to Libby,
Montana, vermiculite contaminated with asbestos is warranted. EPA, ATSDR, and
other agencies currently are investigating exposure levels that Libby, Montana,
residents (including children) who were not employed in the vermiculite mines and
mills may have and are experiencing. In addition, ATSDR is currently conducting
medical testing of individuals potentially exposed to fibrous amphibole associated with
vermiculite in Libby, Montana.

Introduction

The U.S. Department of Health and Human Services (DHHS) is addressing public
health concerns regarding a fibrous amphibole that occurs in vermiculite ore in the
Libby, Montana, area. Vermiculite was mined and milled in Libby from 1923 until 1990.
In 1963 the mine was acquired from the Zonolite Company by W.R. Grace Company,
which marketed the vermiculite as Zonolite®.

The Libby amphibole mineral, popularly known as tremolite asbestos, has been
assigned a number of different names by scientists over the years (Meeker et al. 2001;
Wylie and Verkouteren 2000); however, scientists agree that exposure to the mineral
increased the risk of nonmalignant respiratory and pleural disorders, lung cancer, and
mesothelioma in groups of people who worked in the now closed Libby mine and mill.
0) These health problems are similar to those experienced by workers exposed to
other types of asbestos before modern workplace air regulations were established.

The Agency for Toxic Substances and Disease Registry (ATSDR) prepared this
chemical-specific health consultation to provide support for public health decisions
regarding Libby, Montana, and other locations where tremolite asbestos and related
asbestos can be found. This document:

• defines terms used to discuss health effects from asbestiform minerals;
• discusses the chemistry of amphibole minerals;
• discusses the occurrence of tremolite asbestos in the earth's crust;
• discusses common methods to detect asbestos in air samples;
• discusses the potential for human exposure to asbestos;
• presents overviews of health effects from asbestos, deposition and clearance

of asbestos in the lung, and mechanisms of asbestos toxicity;
• evaluates the weight of evidence that tremolite asbestos can cause

mesothelioma, lung cancer, and nonmalignant disorders of the lung and
pleura;

• discusses clinical diagnosis for asbestos-related diseases; and
• recommends actions to protect the public from possible health problems from

tremolite asbestos and other forms of asbestos.

Evidence that nonasbestiform amphiboles may cause the same effects as amphibole
asbestos is outside of the scope of this health consultation. The reader is referred to
earlier reports (American Thoracic Society 1990; OSHA 1992) that discuss this issue
and to epidemiological studies of workers exposed to mixtures of nonasbestiform
amphibole minerals and other nonasbestos minerals including silica, (aconite, and talc.
For regulatory purposes, the Occupational Safety and Health Administration (OSHA
1992) concluded that there was insufficient evidence that nonasbestiform forms of
tremolite, actinolite, and anthophyllite will produce adverse health effects of the same
type and severity produced by chronic exposure to amphibole asbestos (OSHA 1992;
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Vu 1993). Nevertheless, the reader should be aware that repeated exposure to
excessive amounts of insoluble dusts of any type can cause adverse health effects
including interstitial'pulmonary fibrosis (ACGIH 1996; OSHA 1992).

Definitions of Terms Used To Discuss Health Effects from Asbestiform Minerals

Definitions of key technical terms are provided because there has been variable use of
some of them in the scientific literature and popular press.

Amphibole: A large group of silicate minerals with more than 40-50 members (Leake
1978; Leake et al. 1997). The molecular structure of all amphiboles consists of two
chains of SiO4 molecules that are linked together at the oxygen atoms. In the earth's

crust, amphibole minerals are mostly nonasbestiform; asbestiform amphiboles are
relatively rare (Veblen and Wylie 1993; Zoltai 1979, 1981). See definitions of
asbestiform, mineral, and mineral habit. Also see the Chemistry of Amphibole Minerals
section.

Asbestiform: A habit of crystal aggregates displaying the characteristics of asbestos:
groups of separable, long, thin, strong, and flexible fibers often arranged in parallel in a
column or in matted masses (Veblen and Wylie 1993; Zoltai 1979, 1981). See
definitions of mineral and mineral habit. Figure 1 shows a scanning electron
micrograph of an asbestiform amphibole mineral showing a parallel arrangement of
long fibers. Mineralogists call asbestiform amphibole minerals by their mineral name
followed by "asbestos" (Leake 1978). Thus, asbestiform tremolite is called tremolite
asbestos.

Asbestos: A group of highly fibrous minerals with separable, long, thin fibers often
arranged in parallel in a column or in matted masses (Veblen and Wylie 1993' Zoltai
1979, 1981). Separated asbestos fibers

Scanning electron micrograph of asbestiform amphibole from a former vermiculite mining site near
Libby, Montana Source: U.S. Geological Survey and US Environmental Protection Agency, Regions.

Denver. Colorado

are generally strong enough and flexible enough to be spun and woven, are heat
resistant, and are chemically inert (Veblen and Wylie 1993). See definitions of fibrous
and mineral.

Currently, U.S. regulatory agencies, such as the Environmental Protection Agency
(EPA) and OSHA, recognize six asbestos minerals: the serpentine mineral, chrysotile-
and five asbestiform amphibole minerals, actinolite asbestos, tremolite asbestos,
anthophyllite asbestos, amosite asbestos (also known as asbestiform cummingtonite-
grunerite), and crocidolite asbestos(also known as asbestiform riebeckite) (ATSDR
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2001 a; OSHA 1992; Vu 1993). Proposals have been made to update asbestos
regulations to include other asbestiform amphibole minerals such as winchite asbestos
and richterite asbestos (Meeker et al. 2001; Wylie and Verkouteren 2000). See the
Chemistry of Amphibole Minerals section.

Asbestosis: Interstitial fibrosis of the pulmonary parenchymal tissue in which asbestos
bodies (fibers coated with protein and iron) or uncoated fibers can be detected
(American Thoracic Society 1986). Pulmonary fibrosis refers to a scar-like tissue in the
lung which does not expand and contract like normal tissue. This makes breathing
difficult. Blood flow to the lung may also be decreased, and this causes the heart to
enlarge. People with asbestosis have shortness of breath, often accompanied by a
persistent cough. Asbestosis is a slow-developing disease that can eventually lead to
disability or death in people who have been exposed to high amounts of asbestos over
a long period. Asbestosis is not usually of concern to people exposed to low levels of
asbestos. For more information, see the Health Effects from Asbestos: Overview
section.

Cleavage fragment: Microscopic particles formed when large pieces of nonasbestiform
amphiboles are crushed, as may occur in mining and milling of ores. Within a
population of nonasbestiform amphibole cleavage fragments, a fraction of the particles
may fit the definition of a fiber adopted for counting purposes. Populations of asbestos
fibers can be readily distinguished from populations of nonasbestiform cleavage
fragments, but sometimes it can be difficult to distinguish an isolated nonasbestiform
cleavage fragment from an isolated asbestos fiber (Crane 2000; OSHA 1992). See
definitions of asbestiform, fiber, fibrous, and mineral habit.

Fiber: Any slender, elongated mineral structure or particle. For the purposes of
counting asbestos fibers in air samples, regulatory agencies commonly count particles
that have lengths £5 urn and lengthiwidth ratios S3:1 as fibers. For detecting asbestos
fibers in bulk building materials, particles with lengtlrwidth ratios 25:1 are counted as
fibers. See the Detection and Analysis of Asbestos in Air Samples section for more
details.

Fiber-year/mL: Epidemiologic studies of groups of asbestos-exposed workers
commonly express exposure in cumulative exposure units of fiber-year/mL This
exposure measure is calculated by multiplying a worker's duration of exposure
(measured in years) by the average air concentration during the period of exposure
(measured in number of fibers/ml of air).

Fibrous: A mineral habit with crystals that look like fibers (Zoltai 1981). A mineral with a
fibrous habit is not asbestiform if the fibers are not separable and are not long, thin,
strong, and flexible (Veblen and Wylie 1993; Zoltai 1979; 1981).

Interstitial: A term used as an adjective relating to spaces within a tissue or organ.
Pulmonary interstitial fibrosis refers to fibrosis (scarring) occurring within lung tissue.

Mesothelioma: Cancer of the thin lining surrounding the lung (the pleura) or the
abdominal cavity (the peritoneum). Mesotheliomas are rare cancers in general
populations. Mesotheliomas annually accounted for an average of 1.75 deaths per
million in the U.S. general population for the period 1987-1996 (NIOSH 1999). For U.S.
white males (the U.S. group with the highest mortality rate), the rates were 3.61 per
million in 1987 and 2.87 per million in 1996 (NIOSH 1999). See the Health Effects from
Asbestos: Overview section for more information.

Mineral: Any naturally occurring, inorganic substance with a crystal structure. Naturally
occurring, inorganic substances without a crystal structure (such as amorphous silica)
are called mineraloids (Veblen and Wylie 1993).

Mineral Habit: The shape or morphology that single crystals or crystal aggregates take
during crystal formation (Veblen and Wylie 1993). Mineral habit is influenced by the
environment during crystal formation. Habits of single crystals include prismatic,
acicular, platy, and fiber. Habits of crystal aggregates include asbestiform, fibrous,
lamellar, and columnar.

Parenchyma: The functional cells or tissue of a gland or organ; for example, the lung
parenchyma. The major lung parenchymal abnormality associated with exposure to
asbestos is the development of scar-like tissue referred to as pulmonary interstitial
fibrosis or asbestosis.

Pleura: A thin lining or membrane around the lungs or chest cavity. This lining can
become thickened or calcified in asbestos-related disease.
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Pleural: Having to do with or involving the pleura.

Pleural abnormalities: Abnormal or diseased changes occurring in the pleura. Pleural
abnormalities associated with exposure to asbestos include pleural plaques, pleural
thickening or calcifications, and pleural effusion.

Pleural calcification: As a result of chronic inflammation and scarring, pleura becomes
thickened and can calcify. White calcified areas can be seen on the pleura by X-ray.

Pleural cavity: The cavity, defined by a thin membrane (the pleural membrane or
pleura), which contains the lungs.

Pleural effusion: Cells (fluid) can ooze or weep from the lung tissue into the space
between the lungs and the chest cavity (pleural space) causing a pleural effusion. The
effusion fluid may be clear or bloody. Pleural effusions may be an early sign of
asbestos exposure or mesothelioma and should be evaluated.

Pleural plaques: Localized or diffuse areas of thickening of the pleura (lining of the
lungs or chest cavity. Pleural plaques are detected by chest X-ray, and appear as
opaque, shiny, and rounded lesions.

Pleural thickening: Thickening or scarring of the pleura may be associated with
asbestos exposure. In severe cases, the normally thin pleura can become thickened
like an orange peel and restrict breathing.

Pulmonary interstitial fibrosis: Scar-like tissue that develops in the lung parenchymal
tissue in response to inhalation of dusts of certain types of substances such as
asbestos.

Serpentinite: Igneous or metamorphic rock chiefly composed of serpentine minerals
such as chrysotile or lizardite (Jackson 1997). Chrysotile, when found, can occur in
localities with serpentinite rock (Churchill et al. 2001).

Tremolite asbestos: A special form of the amphibole mineral, tremolite, that displays
separable, long, thin fibers often arranged in parallel in a column or in matted masses.
The fibers are generally strong enough and flexible enough to be spun and woven, are
heat resistant, and are chemically inert.

Ultramafic rock: Igneous rock composed chiefly of dark-colored ferromagnesian silicate
minerals (Jackson 1997). Asbestiform amphiboles, when found, can occur in localities
with ultramafic rock (Churchill et al. 2001).

Vermiculite: A mineral belonging to the mica group of silicate minerals (Ross et al.
1993). Vermiculite has water molecules located between the silicate layers in the
crystal structure. When heated, vermiculite expands to form a light-weight material that
has been used for home and building insulation, as a soil amendment, and as a
packing material. The process of heating and expanding vermiculite is called
exfoliation or "popping". Raw vermiculite ore is processed to produce vermiculite
concentrate, which is shipped to exfoliating plants to produce the finished vermiculite
product.

The photograph in Figure 2 shows a sample of raw vermiculite ore from Libby,
Montana, with asbestiform amphibole fibers mixed in with the vermiculite. Figure 3
shows processed vermiculite concentrate (before expansion) and exfoliated vermiculite
(after expansion).

Chemistry of Amphibole Minerals

The molecular structure of all amphiboles consists of two chains of SiO4 molecules
that are linked together at the oxygen atoms (Jolicoeur et al. 1992; Skinner et al. 1988;
Veblen and Wylie 1993). The chains are bonded together by cations (e.g. Ca, Mg, Fe)
and hydroxyl molecules and stacked together to form crystals. The internal crystal
structure of all amphiboles is the same, but there is a wide range of chemical variability
within the amphibole group. Four subgroups of amphiboles are currently recognized:
the magnesium-iron-manganese-lithium subgroup; the calcic subgroup; the sodic-
calcic subgroup; and the sodic subgroup (Leake et al. 1997). Amphibole mineral
names are based on ideal chemical compositions. The chemical composition of a
specific mineral sample is likely to be close to, but not exactly the same as, the ideal
chemical composition of its mineral name, because of natural chemical variability in
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Tremolite (Ca2 Mg5SigO22[OH]2) and ferro-actinolite (Ca2 Fe5SisO22[OH]2) are mineral

names currently applied to end members of a series ^) within the calcic amphibole
subgroup in which the magnesium and iron content can vary widely (Leake et al.
1997;Verkouteren and Wylie 2000; Wylie and Verkouteren 2000). The ideal chemical
composition of tremolite has no iron, ferro-actinolite contains no magnesium, and
actinolite contains intermediate amounts of magnesium and iron (Leake et al. 1997).
Figure 4 shows two other series within the amphibole group: 1) the tremolite-richterite
series in which the calcium and sodium content can vary, and 2) the tremolite-winchite
series in which the magnesium, calcium, and iron content vary. Some samples of the
Libby amphibole show a chemical composition that is somewhere in the middle of the
plane defined by the tremolite, richterite, and winchite corners of the cube in Figure 4.

From a chemical analysis of 30 amphibole samples from Libby mining and milling
sites, the U.S. Geological Survey (USGS) assigned several different amphibole names
to the samples: winchite, richterite, tremolite, actinolite, ferro-edenite, and magnesio-
arfvedsonite (Meeker et al. 2001). These investigators noted that most of the
amphibole samples displayed both asbestiform habits and nonasbestiform habits (from
which cleavage fragments could be formed).

Occurrence of Tremolite Asbestos

Nonasbestiform tremolite is the predominant form of tremolite that exists in the earth's
crust (Veblen and Wylie 1993). There are many reports, however, of tremolite
asbestos occurring in specific locations around the world.

Tremolite asbestos has only rarely been found in commercially mined deposits. Some
tremolite asbestos has been mined in South Africa, India, Maryland, and South Korea,
but it has never been a nationally important commercial source of asbestos in the
United States. (Ross 1981). The extent of tremolite asbestos mining was small in
Powhatan and Pylesville, Maryland, where it occurs with anthophyllite asbestos in
ultramafic rocks (Ross 1981). In South Africa, tremolite asbestos was mined in the
early twentieth century, but most amphibole asbestos recently mined in South Africa is
amosite or crocidolite (Ross 1981). In contrast, as late as 1996, deposits of
anthophyllite and tremolite asbestos were being commercially mined for use in
asbestos, cement in the South Rajasthan region of India (Mansinghka and Ranawat
1996).

Figure 2 Photograph of a sample of Libby, Montana, vermiculite ore Fiber-like structures can be seen
along the left edge of the piece of ore on the left. Source: U. S Geological Survey and US

Environmental Protection Agency, Region 8, Denver, Colorado
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Fi gure 3 Photograph of vermiculite concentrate (on the right) and exfoliated vermiculite (on the left)
Source: U S Geological Survey and U.S. Environmental Protection Agency, Region S, Denver,

Colorado

Figure 4 Relationships between magnesium, calcium, and sodium content and three amphibole
mineral names: tremolite, winchite. and richtente. All three names have been assigned to various

amphibole samples from former vermiculite mining and milling sites near Libby, Montana Source: U.S.
Geological Survey and U. S Environmental Protection Agency, Region 8, Denver Colorado.

In certain Mediterranean regions, central and eastern Turkey, and New Caledonia in
the South Pacific, soil containing tremolite asbestos has been used as stucco and for
whitewashing of interior or exterior walls in certain villages (Baris et al. 1988a, 1988b;
Bazas 1987; Bazas et al. 1985; Boutin et al. 1989; Constantopoulos et al. 1987a,
1992; Coplu et al. 1996; De Vuyst et al. 1994; Dumortier et al. 1998; Langeret al.
1987; Luceetal. 1994, 2001; McConnochie et al. 1987; Metintas et al. 1999;
Sakellariou et al. 1996; Yazicioglu et al. 1980). This practice has declined as the health
effects of inhalation exposure to tremolite asbestos have become better known.

Tremolite asbestos and chrysotile occur naturally in California, most commonly in
areas of ultramafic rock and serpentinite (Churchill et al. 2001; Renner 2000). The
Division of Mines and Geology of the California Department of Conservation has
prepared a map identifying areas of ultramafic rock and serpentinite where tremolite
asbestos and chrysotile may occur in El Dorado County, California (Churchill et al.
2001).
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Occurrence in Vermiculite

Before 1990, the now closed mine in Libby, Montana, was a significant source of
vermiculite concentrate in the United States. According to a 1998 USGS report,
vermiculite concentrate was produced in U.S. mines at Enoree and Woodruff, South
Carolina, and in Louisa County, Virginia (USGS 1998b). U.S. imports of vermiculite in
1998 were supplied by South Africa and China (USGS 1998b). Twenty vermiculite
exfoliating plants operated in 11 states in 1998.

In an early EPA-supported study, ~21% to 26% of the weight of raw ore samples and
0.3% to 7% of the weight of vermiculite concentrate samples from Libby were
accounted for by asbestiform amphibole identified as tremolite-actinolite (Atkinson et
al. 1982). In a 1984 study of samples from Libby, Montana, conducted by W.R. Grace,
asbestiform amphibole percentage by weight varied from 3.5% to 6.4% in raw ore and
from 0.4% to 1.0% in the concentrate (cited in Amandus et al. 1987a).

Amandus et al. (1987a) noted that among 599 fibers counted in eight airborne
membrane filter samples from the Libby mine and mill, 96% and 16% had length:width
ratios >10 and >50, respectively. Percentages of fibers with lengths >10, >20, and >40
Mm were 73%, 36%, and 10%, respectively. McDonald et al. (1986b) reported that
fibers in Libby air samples showed ranges for diameter, length, and length:width ratio
of 0.1-2 m, 1-70 m, and 3-100, respectively. Greater than 60% of fibers were reported
to be longer than 5 um (McDonald et al. 1986b). These data are consistent with the
asbestiform habit of the Libby amphibole.

When amphibole asbestos has been detected in vermiculite from other localities, the
reported amounts have been lower than those in Libby vermiculite.

Moatamed et al. (1986) analyzed samples of vermiculite ores from Libby, Montana;
Louisa County, Virginia; and South Africa for the presence of amphibole. Two samples
of Montana unexpanded vermiculite ore were determined to have 0.08% and 2.0%
amphibole by weight; two samples of expanded Montana vermiculite both showed
0.6% amphibole content. The South African unexpanded and expanded samples
showed 0.4% and 0.0% amphibole content, respectively. The unexpanded and
expanded Virginia samples were both determined to be 1.3% amphibole by weight.

The Virginia amphibole (identified as actinolite) and the South African amphibole
(identified as anthophyllite) were predominately nonasbestiform, whereas the Montana
amphibole (identified as actinolite) was predominately asbestiform (Moatamed et al.
1986). Numbers of fibrous amphibole particles in the Virginia samples were reported to
be "extremely low" in comparison to the Montana samples. The infrequent, short
fibrous structures were "most likely cleavage fragments." The South African vermiculite
samples showed a "near absence of fibers" or "rare, short fibrous structures."

In another investigation, total asbestiform fibers (classified as tremolite-actinolite)
represented less than 1% of the weight of samples of raw ore and vermiculite
concentrate from Enoree and Patterson, South Carolina, compared with ~21% to 26%
and 0.3% to 7% of the weight of raw ore and vermiculite concentrate samples, from
Libby, Montana, respectively (Atkinson et al. 1982). Concentrations of particles with
length > 5 um in exfoliated vermiculite samples from South Carolina ranged from 0.7 to
11.7 x 106 fibers per g, whereas concentrations were higher in exfoliated Libby
samples, ranging from 23 to 160 x 106 fibers per g (Atkinson et al. 1982). Transmission
electron micrographs of nonasbestiform amphibole cleavage fragments from samples
of Enoree vermiculite showed dramatic morphological differences from amphibole
fibers from Libby vermiculite ore (Ross et al. 1993).

Amphibole (reported as tremolite) was detected in 26 of 57 samples of vermiculite with
concentrations ranging from 0.01% to 6.4% in the samples with tremolite (Addison and
Davies 1990). It was reported that "most of the amphibole in these samples was non-
asbestiform." Further information was not provided in the report concerning where
these samples came from and which ones may have contained asbestiform
amphibole.

EPA (2000) investigated the occurrence of asbestos in vermiculite-containing garden
products purchased in stores in several regions of the United States. These products
ranged from products marketed as vermiculite to mixtures of vermiculite with other
materials (e.g., soil or other minerals). In an initial investigation, asbestos was detected
in 5 of 16 of the products tested, but only three products had sufficient levels that could
be quantified. Reported weight concentrations of asbestos (identified as actinolite)
were 0.30% and 0.33% for one product, 0.10% to 2.79% for another product, and
0.45% for the third (only one sample concentration was reported for this product). The

http://www.atsdr.cdc.gov/Asbestos/more_about_asbestos/health_consultation/ 3/3/2009



ATSDR - Asbestos - More About Asbestos - Health Consultation Page 12 of 40

second investigation detected asbestos in 17 of 36 garden products, but asbestos
concentrations (identified predominantly as actinolite) were above 0.1% in only 5 of
these products, ranging from 0.13 to 0.7% in an initial sampling. Further sampling
showed that the concentrations in these "positive" products varied considerably, but no
concentrations higher than the upper end of the initial ranges were reported.

To understand how much asbestos consumers may inhale when using vermiculite-
containing garden products, EPA (2000) simulated exposure scenarios in enclosed
conditions and in outside open air. From these simulations, EPA (2000) concluded that
consumers "face only a minimal health risk from occasionally using vermiculite
products at home or in their gardens." To further reduce the low health risk associated
with occasional domestic use, EPA (2000) recommended 1) using vermiculite outdoors
or in well-ventilated areas; 2) avoiding vermiculite dust by keeping vermiculite damp
during use; and 3) avoiding bringing vermiculite dust into the home on clothing.

Occurrence in Chrysotile

Amphibole asbestos, identified as tremolite asbestos or actinolite asbestos, has been
reported to be a minor contaminant in some deposits of chrysotile in Quebec. Part of
the evidence that tremolite asbestos exists in certain chrysotile deposits mined in
Quebec comes from observations of higher concentrations of tremolite asbestos fibers
than chrysotile fibers in autopsied lung tissues of certain miners and millers who were
chronically exposed to chrysotile ores (see Case 1994 for review). Inhaled tremolite
asbestos fibers are more persistent in lungs than inhaled chrysotile fibers.

The amount of tremolite asbestos or actinolite asbestos in chrysotile deposits, if
present, is expected to vary from region to region and site to site. Tremolite was
detected in 3 of 8 samples of commercial chrysotile using a method with detection
limits of 0.01% to 0.05% that involved chrysotile digestion and energy-dispersive X-ray
analysis (Addison and Davies 1990). Tremolite fibers in these samples were described
as generally fine, straight, and needle-like with diameters around 0.2 m. Weight
percentages accounted for by tremolite in the 3 "positive" samples were 0.02%, 0.08%,
and 0.20%. The authors concluded, based on a combined analysis of results from this
method, electron microscopy, and infrared spectrophotometry, that the tremolite in only
one of the positive samples was asbestiform. In a wider survey of chrysotile samples
using the same technique, tremolite was detected in 28 of 81 chrysotile samples;
tremolite accounted for weight percentages in positive samples ranging from 0.01% to
0.6% (Addison and Davies 1990). The report did not indicate the extent to which the
tremolite samples in the wider survey were asbestiform or nonasbestiform.

Occurrence in Ta/cTalc occurs in mines along the Appalachian Mountains and in
California and Texas; Germany; Florence, Italy; Tyrol, Austria; Transvaal, South Africa;
and Shetland, Scotland (Amethyst Galleries 1999). In the United States in 1998, there
were 15 talc-producing mines in 7 states. Companies in Montana, New York, Texas,
and Vermont accounted for 98% of domestic production (USGS 1999). Industrial use
of talc shows the following pattern: ceramics, 37%; paints, 19%; paper, 10%; roofing,
10%; plastics, 7%; cosmetics, 5%; rubber, 3%; and other uses, 9% (NTP 1993). The
geological formation of talc may lead to the formation of other mineral phases including
amphiboles and serpentines, including some in asbestiform habits. In the United
States, commercial talc is categorized into cosmetic grade, which is free of asbestos,
and industrial grade, which may contain other asbestiform or nonasbestiform minerals
(NTP, 1993; Zazenski et al. 1995). Zazenski et al. (1995) noted that the Cosmetic,
Toiletry, and Fragrance Association, the United States Pharmacopeia, and the Food
Chemical Codex have established talc quality assurance specifications followed by
U.S. cosmetic, pharmaceutical, and food companies that use talc to ensure the purity
of their products.

Results of a survey of asbestos fibers in consumer cosmetic talc powders from Italian
and international markets using electron microscopy, electron diffraction, and energy
dispersive X-ray analysis showed that asbestos was detected in 6 of 14 talc samples
from the European Pharmacopeia (Paoletti et al. 1984). Chrysotile was identified in 3
samples, 2 samples contained tremolite asbestos and anthophyllite asbestos, and 1
sample contained chrysotile and tremolite asbestos. The authors noted that, in all talc
powders analyzed, fibrous talc particles frequently were present that were
morphologically similar to amphibole asbestos fibers. Counting fibers as particles with
aspect ratio >3:1 and width < 3 m, the percentages of particles that were asbestos
fibers ranged from <0.03% to 0.13% for 4 samples, and were 18% to 22% for the other
2 samples. Paoletti et al. (1984) noted that the European Pharmacopeia, at that time,
had not established analytical quality control of asbestos contamination.

Industrial talc currently mined in New York is called tremolitic talc because it contains
significant quantities of nonasbestiform tremolite. Historical references in the scientific
literature indicate that these talc deposits and their industrial products may contain
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asbestos (American Thoracic Society 1990; DDL 1980; NTP 1993; Wagner et al.
1982). In 1992, OSHA noted that the debate over the mineralogical content of the New
York tremolitic talc ore was unresolved, but that the presence of asbestiform talc in the
ore may have led to the identification of asbestiform tremolite and anthophyllite. More
recently, a report from OSHA's Salt Lake Technical Center (Crane 2000) suggests
that, in some cases, cleavage fragments of nonasbestiform tremolite and anthophyllite
in the talc ore and products may have been inappropriately identified as asbestos.
Crane (2000) described the New York talc ore as having nonasbestiform tremolite,
mostly nonasbestiform anthophyllite, talc in both massive and asbestiform habits, and
minor amounts of other minerals and mineraloids.

Talc has been used in the manufacture of crayons for many years. Recently, it was
reported in the U.S. press that tremolite asbestos, anthophyllite asbestos, and
chrysotile were detected in some crayons at concentrations ranging from 0.03% to
2.86% (CPSC 2000). In response, the Consumer Product Safety Commission (CPSC
2000) examined crayons from several U.S. manufacturers to determine whether
asbestos was present. Trace amounts of anthophyllite asbestos were found in some of
the crayons. The CPSC (2000) concluded that the risk that children would be exposed
to fibers through inhalation or ingestion of talc-containing crayons is "extremely low,"
but recommended that, as a precaution, crayons should not contain these fibers. The
manufacturers have agreed to reformulate their crayons using substitute materials
(CPSC 2000).

Detection and Analysis of Asbestos in Air Samples

The detection and analysis of asbestos in air samples (and in bulk materials that may
become airborne) involve both fiber quantification and mineral identification. The
distribution of numbers of particles of differing sizes in a sample is determined by
microscopic examination, performed using either light or electron microscopy. For
counting purposes, a fiber is defined as any particle with a length >5 m and a
length:width ratio 23:1. Concentrations in air are reported as fiber/ml orfiber/cc. For
the purposes of determining asbestos content in bulk building material, EPA (2000)
uses an operational definition of fiber as any particle with a length:width ratio >5:1.
Electron diffraction and energy-dispersive X-ray analysis give information on the
chemical content and mineral identity of the particles. The combined use of light
microscopy, electron microscopy (transmission and scanning), electron diffraction, and
energy-dispersive X-ray methods in analyzing air and/or bulk material samples offers
the most accurate approach to estimating airborne asbestos concentrations.

Light Microscopic Methods The current standard method for determining airborne
asbestos particles in the U.S. workplace is the National Institute for Occupational
Safety and Health (NIOSH) Method 7400 which uses phase contrast light microscopy
(PCM) (NIOSH 1994a, 1994b). Fibers are collected on a filter and counted with 400-
450x magnification. The method does not accurately distinguish between asbestos and
nonasbestos fibers, and cannot detect fibers thinner than about 0.25 m. Recent
improvements in filter preparation allow for viewing at higher magnification (1250x)
resulting in a several-fold improvement in sensitivity (Pang et al. 1989).

Phase contrast microscopy methods are widely used to assess occupational exposure
to workers engaged in activities known to generate airborne asbestos fibers. However,
in settings where large proportions of other particles or fibers (e.g., wool, cotton, glass)
are present, the phase contrast microscopy will overestimate the asbestos fiber
concentration without additional information.

Polarized light microscopy is frequently used for determining the asbestos content of
bulk samples of insulation or other building materials (see, for example, NIOSH
Method 9002 [NIOSH 1989] and OSHA method ID-191 [OSHA 1994]). This method
also enables qualitative identification of asbestos types using morphology, color, and
refractive index.

Electron Microscopic Methods Transmission electron microscopy (TEM) and
scanning electron microscopy (SEM) methods can detect smaller fibers than PCM and
can be used to determine mineral habit in bulk materials that may become airborne.
NIOSH Method 7402, Asbestos by TEM, is used to determine asbestos fibers in the
optically visible range and is intended to complement PCM (NIOSH Method 7400).
Examination of a sample by either TEM or SEM allows the detection of much smaller
fibers than light microscopy, and so more thorough data can be collected on fiber
length and diameter distribution. Of these two methods, TEM has greater sensitivity for
small fibers, and is the most common method for measuring asbestos in ambient air or
inside schools or other buildings. SEM analysis usually images fibers that are more
than 0.2 um in diameter because of contrast limitations, while TEM can visualize fibers
of all sizes.
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Electron Diffraction and Energy-Dispersive X-ray Methods These methods
determine crystal structure and elemental composition and are used to identify the
mineral group to which a fiber or particle belongs. Modern transmission electron
microscopes are equipped with instrumentation that examines individual particles by
both of these methods, but scanning electron microscopy does not measure electron
diffraction patterns. To distinguish between a nonasbestiform amphibole cleavage
fragment and an asbestiform amphibole fiber of the same mineral type, information
about mineral habit (which comes from light and electron microscopy) is needed.

Conversion Factors Conversion factors are used to compare results from
epidemiologic studies that used different methods to measure airborne asbestos
levels. Early studies often measured air concentrations in units of mass per volume of
air or number of particles per volume of air, whereas more recent studies measure air
concentrations in units of number of fibers (particles with lengths s5 urn and aspect
ratio £3:1, determined by PCM or electron microscopy) per volume of air.

Older studies of health effects and occupational exposure measured dust exposure in
units of million particles per cubic foot (mppcf). This method did not distinguish fibrous
from nonfibrous particles and used relatively low magnification, so only the largest
fibers were detected. The British Occupational Hygiene Society (BOHS 1968)
suggested that an asbestos air concentration of 1 mppcf is roughly equal to 3 fiber/mL
(detected by PCM).

To convert from PCM-measured to TEM-measured air concentrations, the National
Research Council (NRC 1984) recommended that 1 PCM fiber/mL is roughly equal to
60 TEM fiber/mL, and that 1 PCM fiber/mL and 60 TEM fiber/mL are roughly equal to a
mass concentration of 0.03 mg asbestos dust/m3 (i.e., 1 mg/m3 is roughly equal to 33
PCM fiber/mL or 2000 TEM fiber/mL). The NRC acknowledged that these conversion
factors provide only rough estimates because converting from phase contrast
microscopy counts to TEM counts can vary with different sizes of fibers, and
converting from mass-per-volume units to fibers-per-volume units can vary with
different mineral types and different sizes of fibers.

Epidemiologic studies of groups of asbestos-exposed workers commonly express
exposure in cumulative exposure units (fiber-year/mL). This exposure measure is
calculated by multiplying a worker's duration of exposure (measured in years) by the
average air concentration during the period of exposure (measured in fiber/mL).

Potential for Human Exposure to Asbestos

Occupational exposure to asbestos may occur and has occurred in workers involved in
mining, milling, and handling of chrysotile (and other forms of asbestos) and
vermiculite ores, in exfoliating vermiculite, and in mining, milling, and handling of other
ores and rocks that may contain tremolite asbestos or other amphibole asbestos.
Unless efforts are made to limit dust generation and release, and limit transport of dust
on clothes to home environments, there is a probability of exposure to other workers,
family members, and area residents.

Residents who live close to mining, milling, or manufacturing sites that involve
asbestos-containing material may be potentially exposed to higher levels of airborne
tremolite asbestos than levels in general ambient air. EPA, ATSOR, and other
agencies currently are investigating levels of amphibole asbestos exposure that
residents (including children) who were not employed in the vermiculite mines and
mills may have and are experiencing. In addition, ATSDR is conducting medical testing
of individuals potentially exposed to asbestiform minerals associated with vermiculite in
Libby, Montana (ATSDR 2001 b).

Asbestos fibers may be released to indoor or outdoor air by the disturbance of
asbestos-containing building materials such as insulation, fire-proofing material, dry
wall, and ceiling and floor tile, although the use of asbestos-containing building
materials has declined sharply in recent years (HEI 1991). Amphibole asbestos has
been found in some vermiculite sources that have been used as home and building
insulation. Workers or homeowners involved in demolition work or asbestos removal,
or in building or home maintenance, repair, and remodeling, potentially can be
exposed to higher levels of airborne asbestos than levels in general ambient air. In
general, exposure may occur only when the asbestos-containing material is disturbed
in some way to release particles and fibers into the air. Exposure will be greatest when
dry, friable (i.e., easily released) material is disturbed. When asbestos-containing
materials are solidly embedded or contained, exposure will be negligible (USGS
1998b, 1999).
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Typical concentrations of asbestos fibers (with lengths 25 |jm) in urban and rural
ambient air may be about 0.0001 or 0.00001 fiber/ml, respectively (ATSDR 2001 a). In
workplace air, recent U.S. regulations have limited asbestos air concentrations to 0.1
to 0.2 fiber/ml to protect against the development of pulmonary fibrosis and cancer
(OSHA 1992, 1994). A study of indoor air of homes, schools, and other buildings that
contain asbestos materials measured an average asbestos concentration of about
0.0001 fiber/ml (Lee et al. 1992). Most of the fibers in this study were identified as
chrysotile; 2% of the fibers were identified as amphibole fibers. Indoor air
concentrations are highly variable, however, and depend on the friability of the
asbestos-containing material and on activities in which people are engaged.

As discussed in the Occurrence of Tremolite Asbestos section, small amounts of
amphibole asbestos fibers have been identified in some samples of vermiculite-
containing consumer garden products from the United States (EPA 2000). EPA (2000)
concluded that consumers may face only a minimal health risk from occasionally using
vermiculite products at home, and can reduce any risk by limiting the production of
dusts when using the products.

Health Effects from Asbestos: Overview

It is known that exposure to airborne asbestos fibers can increase the risk of lung
cancer, malignant mesothelioma, and nonmalignant respiratory effects including
pulmonary interstitial fibrosis (asbestosis), pleural plaques, pleural calcification, and
pleural thickening. Epidemiologic studies have shown increasing risks for malignant or
nonmalignant respiratory disease significantly associated with increasing measures of
exposure intensity and duration among groups of occupationally exposed individuals.
Results from studies of animals exposed by various routes of exposure and from
mechanistic studies are consistent with these findings. Reviews of this evidence
include those by the Agency for Toxic Substances and Disease Registry (ATSDR
2001 a), the American Conference of Governmental Industrial Hygienists (ACGIH
1998), the American Thoracic Society (1990), Case (1991), Churg and Wright (1994),
the Environmental Protection Agency (EPA 1986), the International Agency for
Research on Cancer (IARC 1987a), Kamp and Weitzman (1997, 1999), Langer and
Nolan (1998), Lippmann (1994), McDonald and McDonald (1997), Mossman and
Churg (1998), Mossman et al. (1983, 1990), the National Toxicology Program (NTP
2001), the Occupational Safety and Health Administration (OSHA 1986, 1992),
Stayner et al. (1996, 1997), Wylie et al. (1993), and the World Health Organization
(WHO 1998).

Consensus Issues and Conclusions

There is general agreement among scientists and health agencies on the following
issues and conclusions regarding health effects from asbestos.

(1) Exposure to any asbestos type (i.e., serpentine or amphibole) can increase the
likelihood of lung cancer, mesothelioma, and nonmalignant lung and pleural disorders.

(2) Important determinants oftoxicity include exposure concentration, exposure
duration and frequency, and fiber dimensions and durability.

(3) Fibers of amphibole asbestos such as tremolite asbestos, actinolite asbestos, and
crocidolite are retained longer in the lower respiratory tract than chrysotile fibers of
similar dimension.

(4) Pulmonary interstitial fibrosis associated with deposition of collagen, progressive
lung stiffening and impaired gas exchange, disability, and death occurred in many
asbestos workers.

(5) Most cases of asbestosis or lung cancer in asbestos workers occurred 15 or more
years after their initial exposure to asbestos.

(6) Asbestos-exposed tobacco smokers have greater than additive risks for lung
cancer than do asbestos-exposed nonsmokers.

(7) The time between diagnosis of mesothelioma and the time of initial occupational
exposure to asbestos commonly has been 30 years or more.

(8) Cases of mesotheliomas have been reported after household exposure of family
members of asbestos workers and in individuals without occupational exposure who
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live close to asbestos mines.

Unresolved Issues and Discussions

(1) Does exposure to asbestos increase the risk for gastrointestinal cancer?

Results in support of a positive answer to this question include small increases in
death rates from gastrointestinal cancer in some groups of asbestos-exposed workers
and in some populations with high levels of asbestos fibers in drinking water, and a
small but statistically significantly increased incidence of benign intestinal tumors in
one National Toxicology Program (NTP) study of male rats exposed to chrysotile in
their food for life (see ATSDR 2001 a for citation of these studies). However, the
increased gastrointestinal mortalities noted in workers and in populations exposed
through drinking water were usually quite small, and consistent results were not found
across studies. In addition, it is difficult to determine whether the increases were due to
asbestos or to other factors (e.g., exposure to other chemicals, misdiagnosis, dietary
factors, alcohol intake). The weight of the finding of intestinal tumors in chrysotile-
exposed rats is counterbalanced by the facts that the tumors were both infrequent and
benign, and that no significant increases in tumors occurred in five other NTP lifetime
cancer bioassays of rats exposed to different forms of asbestos in their diet.

The available data do not support a definitive conclusion about whether the increased
risk for gastrointestinal cancer observed in some of the epidemiologic studies is real or
not. Some scientists believe the available evidence is substantial, others believe the
evidence is inadequate to reach a firm conclusion, and still others believe the
increased risks are probably due to other factors. ATSDR (2001 a) and NTP (2001)
concur, however, that it seems only prudent to consider increased risk of
gastrointestinal cancer an effect of concern from exposure to asbestos.

(2) Are chrysotile fibers (or amphibole asbestos fibers) primarily responsible for
mesotheliomas in certain groups of workers predominantly exposed to chrysotile?

Some investigators have proposed that chrysotile fibers may not be the primary cause
of mesothelioma in humans exposed predominantly to chrysotile, whereas others have
proposed that amphibole fibers are more potent than chrysotile in this regard (see
Berman et al. 1995; Case 1991; Churg 1988; Churg and Wright 1994; Frank et al.
1998; Langerand Nolan 1998; Lippmann 1994; McDonald and McDonald 1997;
Stayner et al. 1996). Tremolite asbestos fibers have often been detected at higher
concentrations than chrysotile fibers in autopsied lung tissues of certain miners and
millers who were chronically exposed to chrysotile ores that contained only very small
amounts of tremolite asbestos (see Case 1994 for review). Part of the difficulty in
ascribing primary responsibility in these mesothelioma cases is that chrysotile fibers
are removed from the lung much more quickly than amphibole asbestos fibers, and
data on fiber content in pleural or peritoneal tissue in human cases are few.

(3) Are amphibole asbestos types more potent than chrysotile in inducing asbestosis
and lung cancer?

Some investigators have proposed that amphibole asbestos fibers, such as tremolite
asbestos, are more potent than chrysotile fibers in inducing fibrotic lung disease and
lung cancer (McDonald 1998; McDonald and McDonald 1997; McDonald et al. 1999;
Mossman et al. 1990). Others propose that differences in the potency of chrysotile and
amphibole-asbestos fibers in inducing lung cancer cannot be reliably discerned from
available data (Berman et al. 1995; Stayner et al. 1996).

Despite the dispute in the scientific literature concerning issues (2) and (3), U.S. and
international agencies concur that exposure to any type of asbestos (including
chrysotile) can increase the risk for asbestosis, mesothelioma, and lung cancer in
humans (e.g., ATSDR 2001a; EPA 1986; IARC 1987a; NTP 2001; WHO 1998).

(4) Should the U.S. regulatory definition of an asbestos fiber (length S5 um with aspect
ratio 2.3:1), established for purposes of quantifying exposure levels, be changed?

This issue has received continued debate since the establishment of the definition (see
American Thoracic Society 1990; OSHA 1992, 1994; Wylie et al. 1993, 1997). At least
part of the debate has involved uncertainties associated with the relative importance of
long and short inhaled fibers in asbestos pathogenicity.

In support of the importance of longer fibers, animal carcinogenic responses to
asbestos have been variously reported to be best correlated with the concentration of
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fibers with lengths s8 urn and diameters £0.25 urn (Stanton et al. 1981) and with the
concentration of fibers with lengths S20 \im (Berman et al. 1995). Case-control
analyses of fiber concentrations in autopsied lungs of mesothelioma subjects and
subjects who died of other causes showed that increased risks for mesothelioma were
significantly related to longer fibers. Fibers longer than 5 urn (Rodelsperger et al.
1999), 8 m (McDonald etal. 1989), or 10 m (Rogers et al. 1991) were implicated in
different studies.

In contrast, analyses of autopsied human lung tissue of asbestos-exposed and
nonexposed patients often show greater numbers of short (< 5 urn) than long (> 5 urn)
retained fibers (Dodson et al. 1997,1999), and short chrysotile fibers have been
reported to be the most prevalent type of fibers found in parietal pleura tissue from
asbestos-exposed autopsy cases (Sebastien et al. 1980). Also, significant inverse
relationships have been observed between degree of fibrosis and retained amphibole
fiber length in autopsy studies of chrysotile miners and millers (Churg and Wright
1989) and amosite-exposed shipyard and insulation workers (Churg et al. 1990).
Significant correlations have also been observed in animal studies between
carcinogenic response and concentrations of fibers with lengths shorter than 8 urn
(Berman et al. 1995; Stanton et al. 1981). In addition, exceptions to the principle that
long and thin structures are required for a carcinogenic response to asbestos or other
fibers have been reported in animal studies (Davis et al. 1991; Stanton et al. 1981).
For example, carcinogenic responses in rats to two tremolite asbestos samples were
markedly higher than the predicted response from Stanton's regression curve relating
probability of tumor to the number of particles with lengths £8 Mm and diameters £ 0.25
urn (Stanton etal. 1981). In addition, one of seven talcs tested had high numbers of
particles with lengths 28 urn and diameters £ 0.25 um, but did not produce tumors
(Stanton et al. 1981).

(5) What are the molecular events involved in the development of asbestos-induced
respiratory and pleural effects and how are they influenced by fiber dimensions and
mineral type?

Identification of the molecular and cellular events of asbestos-induced disease has
been the subject of extensive research within the past two decades (see Mechanisms
of Asbestos Toxicity: Overview section). However, much remains unknown, and the
precise steps in pathogenic pathways are not fully established.

(6) What are the actual risks for malignant or nonmalignant respiratory disease that
may exist at exposure levels below air concentrations (0.1-0.2 fiber/mi) established as
recent occupational exposure limits?

Asbestosis: Based on its review of available data, a task group convened by the World
Health Organization (WHO 1998) concluded that "asbestotic changes are common
following prolonged exposure of 5 to 20 fiber/ml" and that "the risk at lower exposure
levels is not known."

Alternatively, based on an analysis that extrapolated from data for asbestosis
mortalities in a group of asbestos textile workers, Stayner et al. (1997) concluded that
there was an excess risk of 2/1,000 for asbestosis mortality for men exposed for 45
years to an airborne asbestos concentration of 0.1 fiber/ml. Other scientists have
criticized the applicability of the Stayner analysis to general population environmental
exposures, noting that this group of asbestos textile workers displayed higher mortality
rates than other groups of asbestos workers (Case et al. 2000; Hodgson and Darnton
2000).

Lung Cancer and_Mesothehpma: Based on an analysis of data from epidemiologic
studies of workers who were exposed to asbestos before modern occupational
exposure limits were established, EPA (1986) calculated by extrapolation that lifetime
exposure to asbestos air concentrations of 0.0001 fiber/ml could result in up to 2 to 4
excess cancer deaths (lung cancer or mesothelioma) per 100,000 people. This air
concentration is within reported ranges of ambient air levels (0.00001 to 0.0001
fiber/mL). The EPA analysis has been extensively discussed and reviewed in the
scientific literature (Camus et al. 1998; Hodgson and Darnton 2000; Hughes 1994;
Landrigan 1998; Lash et al. 1997). EPA is in the process of reviewing and possibly
updating their cancer risk estimates for asbestos.

(7) Can lung cancer be attributed to asbestos exposure (regardless of fiber type) in the
absence of pulmonary fibrosis1?

Some scientists have supported the hypothesis that asbestosis is a necessary
prerequisite for asbestos-induced lung cancer, but there is also evidence that an
increased risk for lung cancer occurs in asbestos workers without obvious asbestosis
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(see Henderson et al. 1997; Hillerdal and Henderson 1997; Hughes and Weill 1991;
Jones et al. 1996; Wilkinson et al. 1995). Hillerdal and Henderson (1997) concluded
from their review of the data that "there was an increasing body of evidence that, at low
exposure levels, asbestos produces a slight increase in the relative risk of lung cancer
even in the absence of asbestosis." In contrast, Jones et al. (1996) concluded from
their review that, "While the issue of whether asbestosis is a necessary precursor to
asbestos-attributable lung cancer cannot at this time be considered settled, the weight
of the available evidence strongly supports this proposition."

Deposition and Clearance of Inhaled Asbestos Fibers: Overview

Human and animal studies indicate that when asbestos fibers are inhaled, thick fibers
(diameters greater than 2-5 pm) are deposited in the upper airways, whereas thinner
fibers are carried deeper into the alveolar regions of the lung (ATSDR 2001 a; Lippman
1994; Wylie et al. 1993). Absorption by epithelial cells and penetration through the
epithelial layers of the respiratory tract are thought to be minimal, but some transport of
inhaled fibers from the lung to the pleural cavity occurs (ATSDR 2001 a; Wylie et al.
1993). Fiber width is a key determinant of access of fibers to the lung and pleural
cavity, and thus of fiber toxicity. Wylie et al. (1993) reviewed available evidence from
human epidemiology studies, human lung burden studies, and studies of animals
implanted or injected with asbestos indicating that fibers with widths greater than 1 urn
are unlikely to cause lung cancer or mesothelioma.

Fibers deposited in the respiratory tract are principally removed by mucociliary
transport and swallowing, followed by elimination from the gastrointestinal tract via
feces. Small numbers of fibers may reach the lymph system or be transported to the
pleura and peritoneum. Dissolution of fibers by alveolar macrophages is also thought
to play a role in eliminating asbestos fibers from the lung, especially for chrysotile
fibers; interstitial macrophages, intravascular macrophages, and pleural macrophages
also interact with deposited asbestos fibers (see Oberdorster 1994). In addition, some
fibers are not cleared from the lung, leading to a gradual accumulation.

There is evidence in animals that long fibers are retained in the lungs for longer
periods than short fibers (e.g., Coin et al. 1992; Davis 1989). This relationship may be
associated with the inability of macrophages to engulf and remove fibers that are
significantly larger than themselves (Bignon and Jaurand 1983), but analysis of
autopsied human lung or parietal tissue for retained fibers often shows higher numbers
of short (< 5 urn) fibers than long (> 5 urn ) fibers (Dodson et al. 1997, 1999; Sebastien
etal. 1980).

There is also evidence that amphibole fibers are retained for longer periods than
chrysotile fibers (Albin et al. 1994; Churg 1994; Churg et al. 1993; Davis 1989; Wagner
et al. 1974). For example, amphibole retention in lungs of rats repeatedly exposed to
airborne amphibole fibers for 24 months showed a continuous increase throughout
exposure, whereas chrysotile lung retention reached a much lower maximum level
within about 3 months in rats similarly exposed to chrysotile fibers (Wagner et al.
1974). Tremolite fibers in autopsied lung tissue from workers exposed to airborne
chrysotile fibers contaminated with small amounts of tremolite (<1%) accounted for
disproportionately large percentages (47-67%), and chrysotile fibers accounted for
disproportionately small percentages (19-53%), of the total fibers detected (Churg and
Wright 1994). The apparent longer retention of amphibole fibers in lung tissue has
been proposed as a partial explanation of why amphibole asbestos appears to be
more potent in producing mesothelioma than chrysotile (American Thoracic Society
1990; Mossman etal. 1990).

Mechanisms of Asbestos Fiber Toxicity: Overview

Identification of the molecular and cellular responses leading to the progressive
development of asbestos-induced lung cancer, mesothelioma, pulmonary fibrosis, and
pleural thickening and effusion has been the subject of extensive research within the
past two decades. Published reviews of this work include those by Begin et al. (1992),
Kamp and Weitzman (1997, 1999), Kamp et al. (1992), Luster and Simeonova (1998),
Mossman and Churg (1998), Mossman etal. (1983, 1996), Rom etal. (1991), and
Tanaka et al. (1998). In general, it is recognized that there are multiple cellular and
molecular responses to asbestos fibers, that no single mechanism is likely to account
for all asbestos-related diseases, that the precise steps in pathogenic pathways
leading to asbestos-related disease are not fully established, and that fiber structural
and chemical properties (e.g., length, width, iron content, durability, surface areas) are
important variables that play a role in the development of lung and pleural injury.

A central working hypothesis proposes that the presence of asbestos fibers in the lung
activates alveolar macrophages, pulmonary neutrophils, pulmonary epithelial cells, and
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pleural mesothelial cells to produce reactive oxygen species (such as hydrogen
peroxide, the superoxide anion, and the hydroxyl radical) and/or reactive nitrogen
species (such as nitric oxide and peroxynitrite) that can damage cellular
macromolecules (e.g., deoxyribonucleic acid [DNA], ribonucleic acid [RNA], signal
transduction proteins, and membrane lipids) and lead to cellular dysfunction,
cytotoxicity, cellular transformation (to malignancy), and cellular proliferation (see the
reviews cited in the previous paragraph for evidence in support of this hypothesis). In
addition, iron cations associated with asbestos fibers may augment the production of
hydroxyl radicals. The pathogenesis of asbestos-induced lung injury is also thought to
involve altered expression of genes involved in oxidation protection (e.g., catalase and
superoxide dismutase), other stress responses (e.g., heat shock proteins and ferritin),
cellular proliferation (e.g., cytokines, cytokine binding proteins, and growth factors),
and apoptosis in alveolar macrophages, pulmonary epithelial cells, and/or pleural
mesothelial cells. Further understanding of how persistent production of reactive
oxygen or nitrogen species and persistent inflammatory cellular responses precisely
interact may be useful for developing better approaches to the diagnosis, prevention,
and treatment of asbestos-related disease.

Health Effects from Tremolite Asbestos

As with other forms of asbestos, health effects of concern from exposure to inhaled
tremolite asbestos are lung cancer, mesothelioma, and nonmalignant lung and pleural
disorders. Evidence in humans comes from epidemiologic studies of tremolite
asbestos-exposed groups of vermiculite miners and millers from Libby, Montana. This
evidence is supported by reports of increased incidences of nonmalignant respiratory
diseases, lung cancer, and mesothelioma in villages in various regions of the world
that have traditionally used tremolite-asbestos whitewashes or have high surface
deposits of tremolite asbestos and by results from animal studies.

Nonmalignant Respiratory Effects: Pulmonary Fibrosis and Pleural Changes.
Studies of Libby, Montana, vermiculite workers chronically exposed to airborne
tremolite asbestos provide evidence that exposure to tremolite asbestos increases the
risk of interstitial pulmonary fibrosis, pleural calcification, and pleural wall thickening
and the risk of death from these nonmalignant diseases. Supporting evidence comes
from observations of 1) high prevalences of pleural calcification among residents of
villages where whitewashes containing tremolite asbestos were used or where there
are abundant surface deposits of tremolite asbestos and 2) pulmonary fibrogenic
reactions in lungs of rats and mice after exposure to tremolite asbestos by inhalation or
intratracheal instillation.

In response to a report of 12 cases of pleural effusion within a 12-year period in an
Ohio fertilizer plant that processed Libby, Montana, vermiculite, 501 workers were
surveyed for symptoms of respiratory distress, examined by chest radiography, and
tested for pulmonary function (Lockey et al. 1984). Chest radiographs showed 479/501
(95.6%) workers with no significant radiographic changes, 1/501 (0.2%) workers with
small irregular parenchymal opacities indicative of pulmonary fibrosis, 10/501 (2.0%)
workers with significant pleural changes described as thickening, plaques, and/or
calcification, and 11/501(2.2%) workers with costophrenic angle blunting only.
Cumulative fiber exposures for the 11 employees with parenchymal or pleural changes
ranged from 0.01 to 39.9 fiber-year/mL (mean = 12 fiber-year/mL). Cumulative fiber
exposures for the 11 employees with costophrenic angle blunting ranged from 0.2 to
27.5 fiber-year/mL (mean = 5.4 fiber-year/mL). Increased prevalences of radiographic
pleural changes, self-reported pleuritic chest pain, and self-reported shortness of
breath were significantly associated with cumulative fiber exposure indices, but
exposure-related changes in pulmonary function (spirometric variables and carbon
dioxide diffusing capacity) were not found.

Chest radiographs of 184 men employed at the Libby, Montana, vermiculite mine and
mill for at least 5 years during 1975-1982 were evaluated for parenchymal
abnormalities indicative of pulmonary fibrosis (presence of small irregular parenchymal
opacities with a profusion > International Labor Organization [ILO] category 1/0^) and
pleural abnormalities including calcification and thickening on the wall (Amandus et al.
1987b). Prevalences for small parenchymal opacities 2 ILO category 1/0, any pleural
change, pleural calcification, and pleural wall thickening were 10, 15, 4, and 13%,
respectively. Vermiculite workers who were smokers, were of age 45 or greater, and
had cumulative fiber exposure indices > 100 fiber-year/mL (but not those with
exposures <100 fiber-year/mL) showed a significantly higher prevalence of small
irregular parenchymal opacities (4/13, 30.8%) than several reference groups of
workers of similar age and smoking habits without known fiber exposure (e.g.,
nonasbestos cement workers). Amandus et al. (1987b) suggested that the finding of
higher prevalence of parenchymal changes in the Libby, Montana, vermiculite workers
compared with the Ohio fertilizer plant workers (Lockey et al. 1984) may be explained
by a higher average cumulative exposure index for the Montana workers.
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Another study examined possible relationships between cumulative fiber exposure and
chest radiographic findings for 173 workers employed in the Libby, Montana, mine and
mill in July 1983, 80 of 110 former male employees who resided within 200 miles of
Libby, and 47 local men without known exposure to dust (McDonald et al. 1986a). Age-
standardized percentages of subjects with parenchymal opacities (small irregular
opacities with 2 ILO category 1/0) and pleural thickening of chest wall increased with
increasing cumulative fiber exposure categories. For example, age-standardized
percentages for small opacities were 10.6%, 18.4%, 15.4%, 31.3%, and 27.9% for
subjects with mean cumulative exposures of 4.1, 17.5, 53.9, 144.4, and 495.8 fiber-
year/mL, respectively. Logistic regression analysis indicated that the prevalence of
small opacities (with profusion ILO category 1/0) was significantly affected by age,
smoking, and cumulative exposure; prevalence for pleural thickening was significantly
affected by age and cumulative exposure. The logistic regression analysis predicted
that for current smokers at age 65, the risk for developing small parenchymal opacities
S ILO category 1/0 would increase by about 5-10% with each cumulative exposure
increment of 100 fiber-year/mL. McDonald et al. (1986a) also concluded that at 0.1
fiber/mL, no detectable excess of radiological change should be detectable after a
working life of 40 years. However, in a later discussion of their Libby, Montana,
regression analysis, McDonald et al. (1988) noted that the increased risk of small
radiographic opacities (S ILO category 1/0) was between 0.05 and 0.1% per fiber-
year/mL.

There are two cohort mortality studies of tremolite-asbestos-exposed workers
employed for at least 1 year at the Libby, Montana, vermiculite mine and mill. Causes
of death were evaluated among 161 deaths that occurred by 1981 in 575 men who
were hired before 1970 (Amandus and Wheeler 1987) and among 165 deaths that
occurred by 1983 in 406 men who were hired before 1963 (McDonald et al. 1986b).
Both studies assigned cumulative fiber exposure indices (fiber/year-cc = fiber-year/mL)
to each subject based on individual work histories and estimated fiber concentrations
in air at various job locations (fiber/mL). Workplace air concentrations were estimated
from microscopic examination of membrane filter samples collected after 1968 and
from dust concentrations from midget impinger samples collected before 1968 in the
dry mill area (Amandus et al. 1987a; McDonald et al. 1986b). Fiber concentrations in
periods before 1968 were adjusted to reflect higher fiber concentrations expected to
have existed in these earlier periods at several job locations due to changes in
production methods.

Elevated standardized mortality ratios (SMRs) for nonmalignant respiratory disease,
using mortality rates for U.S. males as reference, were calculated for both cohorts.
Amandus and Wheeler (1987) reported an SMR of 2.43 (95% confidence interval [Cl]
= 1.48, 3.75; 20 observed deaths versus 8.2 expected), and McDonald et al. (1986b)
reported an SMR of 2.55 (95% Cl was not reported; 20 observed deaths, expected
deaths not reported). For workers with cumulative exposure indices >399 fiber-
year/mL, Amandus and Wheeler (1987) reported a statistically significantly elevated
SMR of 4.00 (7 observed versus 1.8 expected). Deaths from nonmalignant respiratory
disease expected to be directly related to tremolite fiber exposure (pulmonary fibrosis
or pneumoconiosis) represented 50% (10/20; Amandus and Wheeler 1987) and 40%
(8/20; McDonald et al. 1986b) of deaths from nonmalignant respiratory disease.
Neither study was able to demonstrate consistent, statistically significant relationships
between increasing exposure index and increasing risk for death from nonmalignant
respiratory disease, but the statistical power was limited in both studies because of the
small numbers of workers evaluated. Other limitations of the studies include the limited
follow-up periods (only 28% and 40% of the cohorts had died when the studies were
conducted) and the lack of information about individual smoking histories.
Nevertheless, the results from these studies add considerable weight to the evidence
that exposure to airborne asbestos, including tremolite asbestos, can lead to the
development of nonmalignant respiratory disease and death.

Two studies of other groups of miners and millers at other vermiculite mines in South
Africa and South Carolina did not find evidence for increased prevalence of diseases
associated with asbestos exposure (Hessel and Sluis-Cremer 1989; McDonald et al.
1988). The vermiculite in these studies was reported to contain much lower levels of
tremolite asbestos or other amphibole asbestos fibers than the Libby, Montana,
vermiculite (Atkinson et al. 1982; Moatamed et al. 1986; McDonald et al. 1988). It is
plausible that the lack of increased prevalences of diseases associated with asbestos
exposure in these workers is primarily due to the very low levels of asbestiform
amphibole minerals in these vermiculite deposits (Atkinson et al. 1982; Moatamed et
al. 1986; Ross et al. 1993). In addition, such factors as lower levels of airborne fiber
concentrations at the worksites, small numbers of subjects in the studies, and
limitations in study design and exposure data may have contributed to this lack of
evidence.

In a cross-sectional study by Hessel and Sluis-Cremer (1989), no increased
prevalence of parenchymal or pleural abnormalities on chest radiographs, no excess of
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self-reported respiratory symptoms, and no lung function performance deficits were
found in a group of 172 South African vermiculite workers (average duration of
employment was 15.3 years) compared with a group of workers involved in mining and
refining copper. Samples of unexpended and expanded vermiculite from this mine
showed 0.4% and 0.0% amphibole content (Moatamed et al. 1986). The amphibole
was nonasbestiform with "rare, short fibrous structures" that were predominantly
anthophyllite. From this analysis, Moatamed et al. (1986) concluded that the South
Africa vermiculite samples were "essentially fiber free."

McDonald et al. (1988) evaluated causes of 51 deaths that occurred by the end of
1985 in 194 men who were employed for at least 6 months before the end of 1970 in
the mining and milling of vermiculite from Enoree, South Carolina. Only 3 deaths were
attributed to nonmalignant respiratory disease compared with 2.45 expected (not
statistically significant); no deaths were attributed to pneumoconiosis. Chest
radiographs of 83 current employees with expected dust exposure revealed no
elevated percentage of subjects with parenchymal or pleural abnormalities compared
with a group of 25 workers in another division of the company without exposure to
dust. The vermiculite from South Carolina contains, at most, only trace amounts of
tremolite asbestos (see Occurrence of Tremolite Asbestos section). Atkinson et al.
(1982) reported that in samples of vermiculite from Patterson and Enoree, South
Carolina, less than 1% of the weight was accounted for by asbestiform particles.
Estimates of workplace air concentrations of particles with length >5 pm and aspect
ratio > 3:1 were low, ranging from 0.4 fiber/ml in 1970 samples to 0.0 fiber/ml in 1985
in "wet zone" work areas and from 0.84 fiber/ml in 1970 to 0.02 fiber/ml in 1985 in
"dry zone" areas (McDonald et al. 1988). Transmission electron microscopy and
energy dispersive X-ray analysis of settled dust samples from dry zone locations
showed four types of elongated particles: tremolite-actinolite (37.9%), vermiculite
fragments (28.0%), talc/anthophyllite (15.9%), and iron-rich fibers (4.6%); 14% of the
particles were not identified. McDonald et al. (1988) noted that the lack of observed
respiratory effects in these vermiculite workers may have been due to a combination of
the small number of subjects in the study (i.e., decreased detection power) and low
airborne fiber concentrations. The mean cumulative fiber exposure of the Libby,
Montana, mortality cohort studied by McDonald et al. (1986b) was 144.6 fiber-year/mL,
whereas the mean of the South Carolina cohort was estimated at 0.75 fiber-year/mL.

High prevalences of pleural calcification have been noted in inhabitants of
northwestern Greece villages who had no known occupational exposure to asbestos
fibers. In a 1980 study of 408 subjects who represented 15% of the population of three
villages (Metsovo, Anilio, and Milea) over the age of 10, chest radiographs showed
very few small opacities indicative of pulmonary fibrosis, but an overall prevalence of
pleural calcification in 34.7% of men and 21.5% of women examined (Bazas 1987;
Bazas et al. 1985). Constantopoulos et al. (1985, 1987a) reported that radiographic
screening detected pleural calcifications in up to 323/688 (46.9%) inhabitants of the
same villages and another village (Votonossi) in this area (called Metsovo). The
frequency of pleural calcification increased with age; about 70% of inhabitants of age
>70 years had pleural calcification (Constantopoulos et al. 1985, 1987a).
Constantopoulos et al. (1991) also found pleural calcifications in 24 of 101 (23.7%)
examined inhabitants of another Greek village (Distrato) outside the Metsovo region.

Constantopoulos et al. (1985, 1987a, 1991) attributed the pleural calcifications to the
domestic production and use of a tremolite-asbestos-containing whitewash ("luto")
made from a local soil. Analysis of samples of the whitewash material by light
microscopy, transmission electron microscopy, and X-ray dispersion analysis indicated
that it contained predominantly asbestiform tremolite (Langer et al. 1987). The finding
of tremolite fibers in transbronchial lung biopsy specimens from individuals diagnosed
with pleural calcification supported the attribution of the effect to the use of tremolite-
asbestos-containing whitewash; the amphibole fibers in the tissue were described as
"tremolitic and asbestiform" (Constantopoulos et al. 1985). Furthermore, pleural
calcifications were not observed in nearby villagers who did not use "luto" for
whitewashing; these villagers used limestone (calcium oxide) (Constantopoulos et al.
1987a). Sakellariou et al. (1996) reported that domestic use of "luto" whitewash in the
Metsovo area decreased from about 92% in 1950 to 71% in 1960, to 38% in 1970, and
to 18% in 1980. Mineralogic analysis of Distrato whitewash also revealed chrysotile
and tremolite asbestos fibers, but details of this analysis were not reported
(Constantopoulos et al. 1991).

High incidences of pleural calcifications have also been reported for inhabitants of
several rural regions of Turkey where tremolite-asbestos-containing whitewash has
been used to cover interior walls (Baris et al. 1988a; Coplu etal. 1996; Dumortier et al.
1998; Metintas et al. 1999; Yazicioglu et al. 1980). For example, chest radiographs of
167 inhabitants (20 years or more of age) of the village of Caparkayi showed that 63
(37.7%) had radiological abnormalities. Interlobar fissure thickening (thickening in the
regions between lobes of the lung), diffuse interstitial fibrosis, calcified pleural plaques,
and pleural thickening were observed in 16.8%, 15.6%, 14.4%, and 7.8% of the 167
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inhabitants, respectively (Baris et al. 1988a). The whitewash material used in this
village was shown to be rich in tremolite asbestos fibers, both fine and coarse (Baris et
al. 1988a). In a survey of 124 inhabitants of the village of Kureysler, 14% showed
calcified pleural plaques and 4% showed noncalcified pleural plaques (Coplu et al.
1996). Tremolite asbestos fibers were abundant in the whitewash material and in soil
from the roads of Kureysler. Indoor air fiber concentrations in samples from a
Kureysler house were 0.14 and 0.94 fiber/ml, before and after the floor was swept,
respectively (Coplu et al. 1996). Tremolite fibers represented the predominant fiber
type in bronchoalveolar lavage fluid samples from 64 Turkish subjects with expected
environmental exposure to asbestos fibers; concentrations of fibers in the samples
were similar to concentrations in samples from subjects with known occupational
exposure to asbestos (Dumortier et al. 1998).

Northeastern Corsica is another region where environmental exposure to tremolite
asbestos fibers has been associated with radiographic pleural abnormalities (Boutin et
al. 1989; Reyetal. 1993, 1994). A retrospective survey of 1,721 chest radiographs of
subjects from northern Corsica found prevalences of pleural plaques in 3.7% and 1.1%
of subjects from northeastern and northwestern Corsica, respectively (Boutin et al.
1989). Northeastern Corsica, unlike the northwest, contains surface deposits of
chrysotile and tremolite asbestos. Rey et al. (1993, 1994) reported that the incidence
of bilateral pleural plaques was 41 % in nonoccupationally exposed inhabitants of a
village in northeastern Corsica where tremolite fiber concentrations in air samples
ranged from 6 to 72 ng/m3. In contrast, the incidence was 7.5% in inhabitants of a
village with airborne tremolite concentrations <1 ng/m3. Rey et al. (1993) suggested
that the presence of pleural plaques is an indicator of exposure to fibers, but is not a
precancerous lesion. It was noted that concomitant pleural plaques were found in only
43% of 14 Corsican cases of mesothelioma attributed to environmental exposure to
tremolite asbestos fibers.

Results from a study of rats exposed repeatedly to high concentrations of tremolite
asbestos confirm the capability of airborne tremolite to cause progressive pulmonary
fibrosis (Davis et al. 1985a). Groups of 48 SPF male Wistar rats (AF/HAN strain) were
exposed to a nominal concentration of 10 mg/m3 tremolite asbestos, 7 hours/day, 5
days/week for 12 months starting at 10 weeks of age. The test material from Korea
was determined to be about 95% tremolite asbestos (termed " 95% pure fibrous
tremolite" by the authors) as confirmed by scanning electron microscopy and X-ray
diffraction analysis with only minor amounts of iron and minor contamination with other
silicate materials. Phase contrast microscopy of air samples determined the average
fiber concentration (with lengths >5 pm) at about 1,600 fiber/ml. At 12 and 18 months
after the start of exposure, 3 and 4 rats, respectively, were sacrificed and lungs were
examined histologically for nonmalignant and malignant lesions (other tissues were
also examined for tumors). Other rats were allowed to live until spontaneous death. At
12 months, average percentages of areas with nonmalignant lesions were 23% for
peribronchiolar fibrosis, 35.2% for irregular alveolar wall thickening, and 0% for
interstitial fibrosis. At 18 months, percentages of areas affected by these lesions were
13,4%, 27.7%, and 3%, respectively. None of the 12 rats dying between 27 and 29
months showed peribronchiolar fibrosis or irregular alveolar wall thickening, but 14.5%
of lung area showed interstitial fibrosis. The fibrogenic activity of tremolite was also
demonstrated in mice given single intratracheal instillations of suspensions of 5 mg
Indian tremolite asbestos in saline (250 mg/kg body weight) (Sahu et al. 1975).
Examination of lung tissue from mice sacrificed at 1, 2, 7, 15, 30, 60, 90, 120, and 150
days after instillation showed signs of a progressive fibrogenic reaction consisting of
moderate proliferation of alveolar rnacrophages starting at 30 days, phagocytosis at 60
days, and moderate reticulinosis by 90 days. The fibrosis was classified as "grade I,"
compared with a more severe "grade II" fibrosis from similar exposure to amosite fiber
suspensions. The results show that exposure of rats and mice to tremolite asbestos
leads to a progressive development of pulmonary interstitial fibrosis after exposure has
ceased. They are consistent with results from human studies indicating a long latency
of development of pulmonary fibrosis from exposure to high concentrations of asbestos
fibers. Animal studies designed to characterize exposure-response relationships for
pulmonary fibrosis and varying concentrations of airborne tremolite asbestos were not
located; neither were studies examining nonmalignant pleural changes in animals and
exposure to airborne tremolite asbestos.

Lung Cancer. Elevated incidences of lung cancer and respiratory cancers have been
observed in Libby, Montana, vermiculite workers exposed to tremolite asbestos.
Results from studies of animals exposed to tremolite asbestos by inhalation and
intratracheal instillation confirm that tremolite asbestos can induce lung cancer.

Mortality studies of Libby, Montana, vermiculite workers exposed to tremolite asbestos
found excess mortalities from lung cancer (SMR=2.23; 95% Cl=1.36, 3.45; 20
observed versus 9.0 expected; Amandus and Wheeler 1987) and respiratory cancer
(SMR=2.45; 95% Cl not reported; 23 observed deaths; expected deaths not reported;
McDonald et al. 1986b). The respiratory cancer category included malignant
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neoplasms of the larynx, trachea, bronchus, lung, pleura, and mediastinum. Both
studies found statistically significant relationships between increased risk for lung or
respiratory cancer and increasing cumulative exposure. A precise tobacco smoking
adjustment of the data could not be made, and some portion of the excess lung cancer
occurrence may be reasonably attributed to smoking (Amandus and Wheeler 1987).
Tobacco smoking, a potential confounding factor, was not addressed in the study by
McDonald et al. (1986b). Comparative analysis of exposure-response relationships
with other studies of asbestos-exposed workers indicated that the slope of the
exposure-response regression was steeper in the Libby workers than in other workers
exposed predominantly to chrysotile or to chrysotile, amosite, and crocidolite, but was
less steep than the slope for workers exposed in asbestos textile plants (Amandus and
Wheeler 1987).

In a mortality study of South Carolina vermiculite workers (McDonald et al. 1988), no
increased risk for lung cancer was found. McDonald et al. (1988) attributed the
apparent absence of cancer effect in these vermiculite miners and millers to the small
number of subjects in the study and the low levels of airborne fibers at the South
Carolina workplace relative to the Libby, Montana, mine and mill. As discussed earlier,
this source of vermiculite does not appear to contain significant quantities of amphibole
asbestos (Atkinson et al. 1982).

Lung tumors were found in 18/39 SPF male Wistar rats (AF/HAN strain) exposed to 10
mg/m3 Korean tremolite asbestos for 12 months and allowed to live until spontaneous
death occurred (Davis et al. 1985a). Rats with tumors included 2 with benign and 16
with malignant tumors. No lung tumors were found in a concomitant control group of 36
nonexposed rats (Davis et al. 1985a). Primary benign or malignant lung tumors were
found in 1/38 (adenoma) and 3/37 (1 adenoma, 1 adenocarcinoma, and 1 squamous
cell carcinoma) female Wistar rats given 10 or 20 twice weekly intratracheal
instillations of suspensions of 0.5 mg "fibrous" tremolite in saline (7x107 or 30x107 total
fibers with length >5 urn, diameter <2 m, and lengtlrwidth ratio >5:1) (Pottetal. 1994).
The test material in this study was not further characterized with respect to asbestiform
or nonasbestiform habit. After treatment, the rats were allowed to live until
spontaneous death. No lung tumors were found in 79 control rats instilled with saline.
Pott et al. (1994) speculated that the lack of a marked lung carcinogenic response in
their study was due to insufficient numbers of tremolite fibers instilled.

Mesothelioma. Elevated incidences of mesotheliomas have been observed in Libby,
Montana, vermiculite workers exposed to tremolite asbestos and in inhabitants of rural
villages in Greece, Corsica, and Turkey where tremolite-asbestos-rich surface deposits
exist or where tremolite-asbestos-containing whitewashes were domestically produced
and used to paint interior walls. Results from studies of animals exposed to tremolite
asbestos by intrapleural implantation, intraperitoneal injection, and inhalation confirm
that tremolite asbestos can induce mesothelioma.

In the cohort mortality studies of Libby, Montana, vermiculite workers exposed to
tremolite asbestos, mesotheliomas were noted in 4 of the 165 deaths (proportionate
mortality ratio [PMR] = 2.4%) studied by McDonald etal. (1986b) and 2 of the 161
deaths (PMR = 1.2%) studied by Amandus and Wheeler (1987). No mesotheliomas
were identified among the 51 deaths in the cohort mortality study of vermiculite
workers in a South Carolina mine and mill where airborne fiber concentrations were
estimated to be much lower than in the Libby, Montana, workplaces (McDonald et al.
1988). Cohort mortality studies of other groups of vermiculite miners and millers were
not located.

Cases of mesotheliomas have been reported among inhabitants of villages in the
Metsovo region of Greece where whitewash containing tremolite asbestos was
domestically produced and used to paint interior walls (Constantopoulos et al. 1987b,
1991; Langer et al. 1987; Sakellariou et al. 1996). Six pleural mesotheliomas were
reported among 600 deaths (about 1 %) that occurred in four of these villages between
1981 and 1985 (Constantopoulos et al. 1987b; Langer etal. 1987). Constantopoulos et
al. (1987b) noted that the incidence of mesothelioma deaths in the Metsovo region
between 1981 and 1985 was about 300 times greater than expected in a non-
asbestos-exposed population. Sakellariou et al. (1996) later reported that eight cases
were recorded in the Metsovo region between 1980 and 1984 and that six cases were
recorded for the 1985-1994 period. Sakellariou et al. (1996) proposed that the
incidence of pleural mesothelioma may be decreasing as the use of the tremolite-
asbestos whitewash is diminishing.

Other regions in which cases of mesothelioma have been attributed to environmental
exposure to tremolite asbestos (not occupational exposure) include northeastern
Corsica, a region with abundant surface deposits rich in tremolite fibers (Magee et al.
1986; Rey et al. 1993), the island of Cyprus (McConnochie et al. 1987), regions of New
Caledonia (Luce et al. 1994, 2001), and regions of rural Turkey where tremolite-
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asbestos-containing whitewashes have been used domestically (Baris et al. 1988a,
1988b;Erzenetal. 1991; Metintas et al. 1999; Schneider et al. 1998; Yazicioglu et al.
1980).

Increased incidences of pleural tumors resembling human mesotheliomas have been
observed in rats (Stanton et al. 1981; Wagner et al. 1982) and hamsters (Smith et al.
1979) exposed to tremolite asbestos by intrapleural implantation, in rats exposed to
tremolite asbestos or actinolite asbestos samples by intraperitoneal injection (Davis et
al. 1991; Pottetal. 1989; Roller et al. 1996, 1997), and in rats exposed to airborne
tremolite asbestos (Davis et al. 1985a). Increases in most of these studies were
statistically significant.

For example, pleural fibrosarcomas resembling human mesotheliomas developed in
22/28 (78.6%) and 21/28 (75%) female Osborne-Mendel rats within 2 years of
intrapleurally implanting 40 mg of 2 tremolite asbestos samples in gelatin, compared
with 17/598 (2.8%) control rats implanted with gelatin (Stanton et al. 1981) W.
Percentages of fibers in the 2 tremolite asbestos samples with lengths >4 urn were
34% and 31% and diameters <2.5 m were 100% and 94%. In another study,
mesotheliomas were found in 36/36, 35/36, 32/33, and 24/36 rats given single 10-mg
intraperitoneal doses of four samples of tremolite asbestos and allowed to live until
spontaneous death (Davis et al. 1991). Respective median survival time for these
groups of AF/HAN rats were 301, 365, 428, and 755 days, indicating some variance in
tumor-development period. Numbers of fibers (x105) with length >8 urn and diameter
<0.25 urn in 1 mg of these samples were 121, 8, 48, and 1, respectively.
Mesotheliomas developed in only 4/33 and 2/36 rats given similar injections of two
samples of tremolite that did not have as distinct an asbestiform morphology (no fibers
with length 58 urn and diameter <0.25 urn were detected, although some fibers were
detected with length >8 urn and diameter >0.25 urn) (Davis et al. 1991).
Mesotheliomas also were found in 2/39 SPF male Wistar (AF/HAN strain) rats exposed
by inhalation to 10 mg/m3 Korean tremolite asbestos for 12 months, but none were
found in 36 control rats (Davis et al. 1985a).

Overall Health Effects Weight of Evidence Studies of workers exposed to airborne
dusts of Libby, Montana, vermiculite containing tremolite asbestos provide strong
evidence that exposure to high levels of airborne tremolite asbestos can lead to
increased risk of structural changes in the lung and pleura including pulmonary
fibrosis, pleural calcification, and pleural wall thickening (Amandus et al. 1987b;
Lockey et al. 1984; McDonald et al. 1986a) and of death from nonmalignant respiratory
disease (Amandus and Wheeler 1987; McDonald etal. 1986b). Additional
observations adding to the evidence that long-term exposure to airborne tremolite
fibers can lead to the development of nonmalignant changes in the lung and pleura
include:

• high prevalences of pleural calcification among residents of villages in Greece
(Bazas 1987; Bazas et al. 1985; Constantopoulos et al. 1985, 1987a, 1991),
Turkey (Baris et al. 1988a; Coplu et al. 1996; Dumortier et al. 1998; Metintas et
al. 1999; Yazicioglu et al. 1980), and Corsica (Boutin et al. 1989; Rey et al.
1993, 1994) where whitewashes containing tremolite asbestos have been
used domestically or where there are abundant surface deposits rich in
tremolite asbestos, and

• progressive pulmonary fibrogenic reactions in the lungs of rats and mice after
exposure to tremolite asbestos by inhalation or intratracheal instillation (Davis
et al. 1985a; Sahu et al. 1975).

Evidence that repeated exposure to airborne tremolite asbestos can lead to increased
risk for the development of lung cancer includes observations of statistically
significantly increased rates of mortality from lung cancer in groups of Libby Montana
vermiculite workers compared with rates for the general population (Amandus and
Wheeler 1987; McDonald et al. 1986b), statistically significant relationships between
cumulative fiber exposure measures and prevalence of lung or respiratory cancer
among Libby vermiculite workers (Amandus and Wheeler 1987; McDonald et al.
1986b), and increased incidences of lung tumors in rats exposed to tremolite asbestos
by inhalation (Davis et al. 1985a) or intratracheal instillation (Pott et al. 1994). The
weight of the human evidence for tremolite asbestos-induced lung cancer is limited by
the inability to adjust for likely confounding factors from smoking in the Libby
vermiculite workers.

There is a causal relationship between long-term exposure to airborne tremolite
asbestos and mesothelioma, which is a rare fatal cancer accounting for 2.87 deaths
per million within the U.S. white male general population in 1996 (NIOSH 1999). The
evidence includes elevated prevalences of mesothelioma deaths (of about 1/100 to
2/100) among groups of Libby, Montana, vermiculite workers (Amandus and Wheeler

http://www.atsdr.cdc.gov/Asbestos/more_about_asbestos/health_consultation/ 3/3/2009



ATSDR - Asbestos - More About Asbestos - Health Consultation Page 25 of 40

1987; McDonald et al. 1986b), among residents of Greek (Constantopoulos et al.
1987b, 1991; Langeret al. 1987; Sakellariou et al. 1996), Turkish (Baris et al. 1988a,
1988b; Erzenetal. 1991; Metintas et al. 1999; Schneider etal. 1998; Yazicioglu et al.
1980), and New Caledonia (Luce et al. 1994, 2001) villages that used tremolite-
asbestos whitewashes on interior walls, and in regions of northeastern Corsica and
Cyprus that have abundant surface deposits of tremolite asbestos (Magee et al. 1986;
McConnochie et al. 1987; Rey et al. 1993). Strong supporting evidence comes from
animal studies showing increased incidences of pleural tumors resembling human
mesotheliomas in rats (Stanton et al. 1981; Wagner et al. 1982) and hamsters (Smith
et al. 1979) exposed to tremolite asbestos by intrapleural implantation, in rats exposed
to tremolite asbestos or actinolite asbestos samples by intraperitoneal injection (Davis
etal. 1991; Pott etal. 1989; Roller etal. 1996, 1997), and in rats exposed to airborne
tremolite asbestos (Davis et al. 1985a).

Clinical Aspects of Diseases Associated with Exposure to Asbestos

Exposure to tremolite asbestos or other forms of asbestos can increase risks for
developing pleural plaques, pleural thickening (i.e. pleural fibrosis), pleural effusions,
interstitial lung fibrosis, lung cancer, and mesothelioma.

Asbestos-related pleural abnormalities have been commonly associated with
asbestos-related lung parenchyma lesions, but the American Thoracic Society (1986)
noted that they should be diagnosed separately because "there are differences
between pleural and parenchymal fibrosis in epidemiology, clinical features, and
prognosis." Asbestos-related pleural plaques have been described as "fibrohyaline
nodular lesions, most often on the parietal pleura, but also on the diaphragmatic pleura
and less frequently on the pericardium" (Mossman and Gee 1989).

Unlike people with pleural plaques alone, who do not have impaired pulmonary
functions or symptoms such as chest pain, persons with asbestos-related pleural
thickening commonly experience symptoms and have impaired pulmonary function
(American Thoracic Society 1986). Studies of groups of modern asbestos workers,
who likely were exposed to lower airborne concentrations of asbestos fibers than
workers in the first half of the twentieth century, found that the prevalence of pleural
abnormalities (most often plaques) is often as high as 10 times higher than the
prevalence of parenchymal abnormalities (Becklake 1994; Mossman and Gee 1989,
Orlowski et al. 1994). Pleural effusions are early manifestations of inhalation exposure
to high concentrations of asbestos; the fluid contains varying amounts of red blood
cells, macrophages, lymphocytes, and mesothelial cells (American Thoracic Society
1986; Mossman and Gee 1989). Pleural effusions may be an early indication of
mesothelioma and warrant further evaluation. Early identification of mesothelioma and
intervention may increase chances of survival (ATSDR 2000).

The American Thoracic Society (1986) defines asbestosis as interstitial fibrosis of the
lung parenchyma from exposure to asbestos. Studies of occupationally exposed
patients who develop asbestosis have shown that latency periods of at least 15 years
are common between the time of initial exposure to asbestos fibers and the onset of
respiratory symptoms (American Thoracic Society 1986; Kamp and Weitzman 1997;
Mossman and Gee 1989). These symptoms include shortness of breath during
physical exertion (i.e., exertional dyspnea), pleuritic chest pain, phlegm production,
wheezing, and end-inspiratory crackles. Lung functions that can be decreased are lung
volumes, pulmonary compliance, and diffusing capacity for carbon monoxide (DLCO)
(Becklake 1994; Kamp and Weitzman 1997).

Clinical diagnosis of asbestosis is accomplished by a reliable exposure history; a
latency period of at least 15-20 years since first exposure; chest radiographic evidence
of parenchymal abnormalities (small, irregular opacifications of a profusion of 1 /1 or
greater); a restrictive pattern of lung impairment with a reduced forced vital capacity;
reduced diffusing capacity; and bilateral late or pan inspiratory crackles (American
Thoracic Society 1986). Chest radiography is the most important clinical tool for the
diagnosis of asbestosis. Supplemental use of high resolution computerized
tomography improves the sensitivity and accuracy of detecting parenchymal and
pleural changes that can account for symptoms of respiratory distress and lung
function deficits in patients (Aberle et al. 1988a, 1988b; Becklake 1994; Begin et al.
1992; Harkin etal. 1996; Klaas 1993). When clinically indicated, detection of asbestos
bodies (fibers surrounded by a coat of iron and protein) in surgically removed lung
parenchymal tissue with diffuse interstitial fibrosis confirms the diagnosis of asbestosis
(American Thoracic Society 1986).

People who repeatedly inhale dusts with tremolite asbestos also are expected to have
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increased risk for lung cancer and malignant mesothelioma. Several studies of
asbestos workers have found that smoking increases the risk of lung cancer in a
greater than additive manner, but does not appear to increase the risk for
mesothelioma (Berry et al. 1985; Hammond et al. 1979; McDonald et al. 1980; Selikoff
etal. 1980).

Eighty to ninety percent of patients diagnosed with mesothelioma report a history of
occupational or environmental exposure to some form of asbestos (Attanoos and
Gibbs 1997; Bianchi et al. 1997; Colt 1997; Roggli et al. 1997). Malignant
mesothelioma is an aggressive and fatal cancer that is most often located in the pleura
(90%) and sometimes in the peritoneum (6%-10%) (Attanoos and Gibbs 1997; Kelley
1998). In a review of 1,690 cases of mesothelioma associated with occupational
exposure to asbestos, the authors reported that the median period of latency between
initial exposure and detection was 32 years; 99% and 96% of the cases had latency
periods of more than 15 and 20 years, respectively (Lanphearand Buncher 1992).

Treatment options are few for patients diagnosed with asbestos-related nonmalignant
lung or pleural disease. Preventing further exposure and ceasing any tobacco smoking
activities are the most important steps individuals can take to minimize development of
health problems. Once developed, these diseases may remain stable or progress in
severity in the absence of further exposure (Becklake 1994). The diseases rarely
regress. Treatment options for patients diagnosed with asbestos-related cancer of the
lung or pleura are restricted to resection and/or chemotherapy. One study suggests
that subjects who stop smoking after already having been exposed to asbestos show
some improvement in lung health (Waage et al. 1996), but long-term data for the
effectiveness of cessation of smoking in large cohorts of asbestos-exposed individuals
are not available.

Conclusions

• Tremolite is an amphibole mineral that most commonly exists in the earth's
crust in forms that are nonasbestiform. Tremolite asbestos has only rarely
been found in amounts sufficient for commercial use, but has been reported to
occur at various sites throughout the world.

• Vermiculite deposits in the region of Libby, Montana, contain fibrous amphibole
that is popularly called tremolite asbestos. Although scientists have called this
mineral by various names, there is agreement that exposure to the mineral
increased the risk of nonmalignant respiratory and pleural disorders, lung
cancer, and mesothelioma in Libby mine and mill workers. The mine has been
closed since 1990, and access to the sites is restricted.

• Exposure to all types of asbestos can increase the risk of developing lung
cancer, malignant mesothelioma, and nonmalignant respiratory and pleural
effects, including pulmonary interstitial fibrosis (asbestosis), pleural plaques,
pleural calcification, and pleural thickening. Asbestos-exposed smokers have
greater than additive risks for lung cancer and asbestosis than do asbestos-
exposed nonsmokers.

• Important determinations of asbestos toxicity include exposure concentration,
duration, fiber dimensions, and fiber durability. There is animal and human
evidence that long fibers are retained in the lungs for longer periods than short
fibers and that amphibole fibers, such as tremolite asbestos, are retained
longer than chrysotile fibers. Short and long fibers may contribute to the
pathogenesis of inflammation, fibrosis, and cancer in humans, but their relative
importance is uncertain.

• Latency periods for the development of asbestos-related nonmalignant
respiratory effects are usually 15-40 years from the time of initial exposure to
asbestos.

• The latency periods are generally 20 years or more for lung cancer and 30
years or more for mesothelioma due to asbestos exposure.

• Occupational exposure to asbestos may occur in workers involved in mining,
milling, and handling of certain sources of chrysotile and vermiculite ores; in
exfoliating vermiculite that contains tremolite asbestos; and in mining, milling,
and handling of other ores and rocks that may contain tremolite asbestos.
Residents who live close to mining, milling, or manufacturing sites that involve
tremolite asbestos-containing-material may be potentially exposed to higher
levels of airborne tremolite asbestos than levels in general ambient air.

• Asbestos may be released to indoor or outdoor air as a result of the
disturbance of asbestos-containing building materials such as insulation, fire-
proofing material, dry wall, and ceiling and floor tile. Amphibole asbestos has
been found in some sources of vermiculite that has been used as home and
building insulation. Workers or homeowners involved in demolition work or
asbestos removal, or in building or home maintenance, repair, and remodeling,
potentially can be exposed to higher levels of airborne asbestos than levels in
general ambient air. In general, exposure may occur only when the asbestos-
containing material is disturbed in some way to release asbestos fibers into the
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air. When asbestos-containing materials are solidly embedded or contained,
exposure will be negligible.

• Recently, small amounts of amphibole asbestos have been found in some
samples of vermiculite-containing consumer garden products and in some talc-
containing crayons. Consumers can reduce possible exposure by limiting the
production of dusts when using the garden products. The risk that children
might be exposed to asbestos fibers through inhalation or ingestion of crayons
containing asbestos and transitional fibers is extremely low. The U.S.
manufacturers of these crayons, however, have agreed to eliminate talc from
their products in the near future.

• The combined use of light microscopy, electron microscopy (transmission and
scanning), and X-ray dispersive methods In analyzing air and/or bulk material
samples offers the most accurate approach to estimating airborne asbestos
concentrations.

• Clinical diagnostic methods for determining exposure and effects of asbestos
include chest radiography, pulmonary function tests, and high resolution
computerized tomography. Microscopic detection of asbestos bodies in
autopsied or biopsied lung tissue can be used to confirm exposure when tissue
is available.

• Pleural effusions are early manifestations of inhalation exposure to high
concentrations of asbestos. Pleural effusions may be an early indication of
mesothelioma and warrant further evaluation. Early identification of
mesothelioma and intervention may increase chances of survival.

• Additional research may help to develop therapeutic methods to interfere with
the development of nonmalignant lung and pleural disorders, and to cause the
disorders to regress once they are established. Such research may include
studies on the mechanism of asbestos-related disease to provide further
understanding of how persistent production of reactive oxygen or nitrogen
species and persistent inflammatory cellular responses precisely interact.

Recommendations

Prevention of exposure and cessation of any tobacco smoking activities are the most
important steps that individuals can take to prevent or minimize the development of
asbestos-related health problems.

People who were exposed to asbestos and who smoke are expected to be unusually
susceptible to asbestos-related lung cancer and asbestosis and are encouraged to
cease smoking. Studies of asbestos workers indicate that asbestos-exposed smokers •
have greater than additive risks for lung cancer and asbestosis than asbestos-exposed
nonsmokers. Although the mechanism of this interaction is poorly understood, one
possible mechanism that has received some support from research is that smoking
can decrease the clearance of asbestos fibers from the lung by impairing mucociliary
action and macrophage activity (see ATSDR 2001 a for review).

Individuals residing or working in buildings with insulation or other building materials
that may potentially contain asbestiform minerals (for example, vermiculite from the
Libby Montana mine) are encouraged to ensure that the insulation material is solidly
contained and not able to be disturbed and become airborne. If the material is to be
removed, special procedures must be followed that minimize the generation of dust
and specify appropriate locations for disposal. Individuals can obtain information about
asbestos removal and disposal procedures from the 10 regional offices of the EPA.

Further evaluation of the progression of disease associated with exposure to Libby,
Montana, vermiculite contaminated with asbestos is warranted. EPA, ATSDR, and
other agencies currently are investigating exposure levels that Libby, Montana,
residents (including children) who were not employed in the vermiculite mines and
mills may have and are experiencing. In addition, ATSDR is currently conducting
medical testing of individuals potentially exposed to fibrous amphibole associated with
vermiculite in Libby, Montana.
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Footnotes

1. Epidemiologic studies of Libby, Montana, miners and millers are discussed later in
this document.
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2. Called a solid state solution series by mineralogists.

3. The ILO classification system (ILO 1989) for profusion of opacities in chest
radiographs establishes four categories of profusion of increasing severity, each with
three subcategories noted in parentheses: 0 (O/-, 0/0, 0/1); 1 (1/0, 1/1, 1/2); 2 (2/1, 2/2,
2/3); 3 (3/2, 3/3, 3/4).

4. In the Stanton et al. (1981) experiments, seven samples of refined talc from different
sources were tested. No malignancies were found in 6 of the talc-exposed groups of
rats, including one group exposed to talc containing significant concentrations of
particles with structures having lengths > 8 urn and diameters <0.25 urn. The incidence
of rats with pleural sarcomas in the other talc-exposed group (1/26) was not
significantly elevated compared with the incidence in a combined control group that
included untreated rats and rats implanted with noncarcinogenic material.
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